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SALES, SHIPPING AND SERVICE INFORMATION 


HOW TO ORDER — UNITED STATES — MICROWAVE ASSOCIATES. orders for 
Microwave Associates products may be placed with either our sales representatives or directly with 
Microwave Associates’ sates departrnent: ‘ 

Microwave Associates, Inc. 

Northwest Industrial Park 

Burlington, Massachusetts 01803 

Telephone: (617) 272-3000 

TWX: 710-332-6789 

TELEX: 94-9464 


HOW TO ORDER — INTERNATIONAL. customers outside the United States are served by 


Microwave Associates subsidiaries: Microwave Associates International, inc., and Microwave 
Associates, Ltd., as well as by international sales representatives. 

MICROWAVE ASSOCIATES INTERNATIONAL. ait international orders (excluding the 
United Kingdom) may be placed with either our international sales representatives or directly with 
Microwave Associates International sales department: 


Microwave Associates International, Inc. Telephone: (617) 272-3000 
Northwest Industrial Park TWX: 710-332-6789. TELEX: 094-9464 
Burlington, Massachusetts 01803 Cable: MICROWAVE BURLINGTON 


UNITED KINGDOM. | orders in the United Kingdom may be placed directly with Microwave 
Associates, Ltd., sales department. 


Microwave Associates, Ltd. Telephone: Dunstable 601441 
Humphreys Road, Dunstable: Woodside Estate TELEX: 82295 
Dunstable, Bedfordshire, England Cable: MICROWAVE LUTON 


SHIPPING INSTR UCTIONS. Shipments will be made via parcel post or express, whichever is 
less expensive, untess other instructions are received. For rush service, we will ship by Air Freight, 
Air Express, or Air Parcel Post on request. 


PRICES AND TERMS. The price and delivery of any item in this catalog is available from 
either our sales representatives or Microwave Associates sales department. Quotations are F.O.B. 
factory of origin, and are subject to change without notice. Terms are net 30 days if credit has 
been extended. 


GOVERNMENT SOURCE INSPECTION. Government source inspection is available on any 
item upon receipt of the complete written confirmation of purchase order items, including the prime 
government contract number. Government source inspection with respect to some products 
increases unit price and extends delivery because of duplicate standard final inspection and testing. 
It is recommended wherever possible that a Certificate of Compliance be substituted for 

government source inspection to minimize price and delivery delay. 


RETURNED MATERIAL. When returning material for repair or replacement, it is necessary 
first to contact the sales department. We require that complete information be included with the 
shipment giving a detailed description of the reason for its return, the date and purchase order on 
which it was obtained, the number of hours of operational use, and the exact address ta which 

the material is to be re-shipped. 

WARRANTY. We warrant to the original purchaser all products sold by us to be free of defects 
in material and workmanship. Our obligation under this warranty is limited to repair, exchange or 
credit. The warranty does not apply to any product which has been subject to accident, 

alteration or abuse. Detailed warranty provisions appear on each sales order. 


APPLICATION ENGINEERING. Microwave Associates maintains a large support staff of 
technical sales engineers, both domestically and internationally, who are expert in specific areas 
of microwave technology. Each has an engineering background that combines formal engineering 
education with training in microwave specialties — often with many Years of product design 
experience. As further technical support, Microwave Associates makes available the services of 
its engineering and scientific staff who may be consulted on more advanced circuit designs or 
application problems, 

SPECIFICATIONS. We reserve the right to discontinue items and change specifications 
without notice. 

FEDERAL SUPPLY CODE. Microwave Associates’ Federal Supply Code for Manufacturers 
assigned number is 96341. 
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RECEIVING DIOD 


Mixer Diode Characteristics 


RECEIVER SENSITIVITY 


A fundamental limitation on the sensitivity of a microwave receiver employing a resistive mixer arises from the 
fact that in the frequency conversion process only a fraction of the available RF signal power is converted into 
power at the intermediate frequency. This “‘overall’’ conversion loss is dependent on the diode junction, the 
diode’s package parasitics, and on the matching at the input and output ports of the mixer. An additional 
limitation in performance arises from the fact that the mixer itself generates noise when it is driven by an RF 
signal (local oscillator). Thus, the conversion loss and the noise temperature ratio determine the overall noise 
figure of a microwave mixer diode. The mixer diode is completely characterized by the following parameters: 
overall receiver noise figure, conversion loss, noise temperature ratio, RF impedance and IF impedance. 


NOISE FIGURE (NF,) 


The most important criterion of mixer diode performance is the noise figure. The noise at the output of a receiver 
is the sum of the noise arising from the input termination (source) and noise contributed by the receiver itself (i.e., 
due to IF amplifier and mixer diode). The noise factor is the ratio of the actual output noise power of the device, to 
the noise power which would be available if the device were perfect and merely amplified the thermal noise of the 


input termination without contributing any noise of its own. It is given by: 
SifNi 
NES = "SNe 


available signal power at the input of receiver. 

available noise power at the input of receiver. 

available signal power at the output of receiver. 

available noise power at the output of receiver. 
The noise figure is the noise factor in decibels. 
Si/Ni 
So/No 
The overall noise figure of a receiver depends on conversion loss (LQ), the noise temperature ratio (t) of the mixer 
diode and also on the noise figure of the IF amplifier (NF ..). tt is given by: 

NFo =L_ (t+NF. — 1). 
c 1F 


The noise figure is usually measured with a gas tube by the Y factor method which compares the noise figure of 
the mixer with a standard noise source. 


NFo (dB) = 10 fog 10 


CONVERSION LOSS (L.) 


The conversion loss is the ratio of the available signal power output at the IF port divided by the available input power 
at the signal port (Mil-Standard 750, method 4101). It is determined by measuring the IF power with a power meter 
and a standard RF input (1 milliwatt of focal oscillator power). 


NOISE RATIO (t) 


The noise ratio is the ratio of the output noise power as seen at the IF terminal to noise power of a resistor of the 
same impedance value as the IF impedance of the diode when driven by the local oscillator. Usually the local 
oscillator power is 1 mW. 


The noise power of the diode consists of two contributions, white noise, which is frequency independent and 
flicker, or 1/f noise, which varies inversely with frequency below a frequency called the noise corner frequency. 
This corner frequency can vary from less than 10 kHz to more than 1 MHz depending on the type of diode used. 


RF IMPEDANCE (Z, .) 


The RF impedance (2, ) of the diode is of prime importance in the design of mixers. Impedance mismatch at the RF 
frequency not only results in signal loss due to reflection but also affects the IF impedance at the IF terminals of the 
mixer. The RF impedance of a varistor diode can be measured by the VSWR method. 


IF IMPEDANCE (Z,_) 


The IF impedance (Z,_) is the impedance presented at the output terminals of the mixer when the rectifier is driven by 
a local oscillator. ft 1s a function of the local oscillator power level and the RF properties of the mixer and circuit 
connected to the RF terminals of the mixer. It is generally measured with an admittance bridge. The IF impedance is 
important in determining the coupling circuits between the mixer and IF amplifier. 


RECEIVING DIODES 


SELECTION GUIDE-SILICON POINT CONTACT 
MIXER DIODES 
IN HERMETIC PACKAGES 


Ming Pockage | te | Coremic Coaxial Coaxial 
1A Outtine DO-23 00.37 00.37 
pelutefets [ett s. tsa. 


os ae | | 
a MA.41504 IN21G 
i 


MA-41503 IN21F | MA-41508 | IN23H ee ies | 

MA-41502 1N832C_|MA-41508 | 1N23G MA-41202G 

MA-41501 IN21E | 1N8328 |MA-41507 | 1N23F MA-41202F 1N78G MA490G MA-43201G 
1N210 | 1N832A_1MA-41506 | 1N23E MA-4T202E {MA-492E | tN78F MA4SOF MA-41201F 


MA-41202D IN7BE MAAS0E | MA-41201E 
MA4920_ | 


IN78D [asso _| MA-41201D 


MA-41202C {MA-492C 


MA-412028 


M/A Types | Highest JAN Types |M/A Types | JAN M/A Types 
Broadband | Surnout M/A QPL | Broadband | Types Broadband 
RF Tested | M/A QPL 


Recommended 
Types 


Re) MICROWAVE ASSOCIATES, INC. sBuriincTon. MASSACHUSETTS 


All specifications are subject to change without notice. 
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Cartridge Types 
X-Band 
S-Band 


Coaxial Types 
Ku-Band 
K-Band 
Ka- Band 
X-Band 


MOM Types 
X-Band 
Ku-Band 


Glass Types 
Sand X-Band 


Additional Mixer Diodes ey ies ne EX] 


IN21-IN416 Series, S-Band 
IN23-IN415 Series, X-Band 
JAN IN21 and IN23 Series 
MA-41202 Series ,X-Band 


Mixer Diodes 
Cartridge Type 


CASE STYLES 


783 
190 


19,126 | 19,888 


4572 4,826 


} 0,762 1,168 
0,762 


REVERSIBLE 
ADAPTER 


0.046 
0.190 


0,762 
4,572 


PERMANENTLY 
ATTACHED 


Not to scale. 


ENVIRONMENTAL RATINGS PER MIL-STD-750 


MAXIMUM RATINGS 


(At 25°C, unless otherwise specified) Method Levels 
Temperature, Storage 1031 See Maximum Ratings 

Temperature, Operating _ See Maximum Ratings 

Incident CW RF Power 250 mW Temperature Cycling 1051 5 Cycles, —65 to +150° C 
Temperature Range Shock 2016 500 g’s 
Operating —65 to +150°C Vibration 2056 15 g’s 
Storage —65 to +150°C Constant Acceleration 2006 20,000 g’s 


10 Days 


1N23 - 1N415 SERIES 
1N21 - 1N416 SERIES 


Humidity 1021 


ELECTRICAL CHARACTERISTICS @ Ta = 25°C 
Test Max. IF 
Frequency Frequency Model’? Model’? Noise Figure* Impedance® Max. Burnout 
Band GHz Number Number dB Ohms VSWR Ergs 
=—=—lllEEEeEeEEeEeEeEeEeEeEeSEEEEEaESeee ee, 
S 3.060 1N21G 1N416G 5.5 350 - 450 1.3 5.0 


IN21F 1N416F 6.0 350 - 450 1.3 5.0 
1N21E 1N416E 7.0 350 -450 1.3 5.0 
1N21D 1N416D 7.3 325 - 475 1.5 2.0 
Xx 9.375 1N23H 1N415H 6.0 335 - 465 1.3 2.0 
1N23G 1N415G 6.5 335 - 465 1.3 2.0 
1N23F 1N415F 7.0 335 - 465 1.3 2.0 
1IN23E 1N415E 7.5 335 ~ 465 1.3 2.0 
1N23D 1N415D 8.2 325 - 475 1.3 2.0 
1N23C 1N415C 9.5 325 ~ 475 1.5 2.0 


NOTES: 


4. Single sideband NF, Nig = 1.5 dB, Max. Excess Gas 


1. Alt units are available in matched pairs either forward 
P Tube Noise Temperature = 15.2 t 0.5 dB. 


or reverse (one forward diode, one reversed diode) by 


adding the suffixes M or MR respectively. Matching 1N21 Series, Pi9 ~ 0-5mwW, RL = 100 Q, f= 3.060 GHz 
criteria for pairs: A L, = 0.3 dB Max., A 21 —¢ = 25 Ohms Max. 1N23 Series, P| , = 1.0 mW, RL = 100 92, f = 9.375 GHz 
2. Case Style 7-1; Adapter permanently attached. 5. AC METHOD IF = 60 to 1000 eps. 
3. Case Style 3; Reversible Adapter 6. 1 =1.0 mA. 


RECT. 


MICROWAVE ASSOCIATES, 


JAN CARTRIDGE MIXER DIODES 


ELECTRICAL CHARACTERISTICS @ Ty = 25°C 


Test Max. 
Frequency Frequency 
Band GHz 


Number dB 


S 3.060 1N21WG 
1IN21WE 
1N3655A 


1N23WG 


IN23WE 
1N3745 


5.5 
7.0 
7.0 


6.5 
7.5 
9.5 


9.375 


350 450 
350 450 
350 450 


335 465 


335 465 
325 475 


IF 
Model '® Noise Figure Impedance 
Ohms 


MIL-S-19500 
Detail Number 


Max.® 
VSWR 


321 
232A 
334 
1.3 322A 
1.3 233B 
1.5 - 


1.3 
1.3 
1.3 


HIGH RF BURNOUT CERAMIC MIXER DIODES 


MAXIMUM RATINGS 
(At 25°C, unless otherwise specified) 


Temperature, Storage 
Temperature, Operating = 
Temperature Cycling 


20W, 3ns 
(Balanced Mixer) 
250 mW 


Incident RF Pulse Power 


Shock 
Vibration 


Incident CW RF Power 
Temperature Range 
Operating 
Storage 


-65 to +150°C 
-65 to +150°C 


ELECTRICAL CHARACTERISTICS @ Ty, = 25°C 


Max.?’7 
Noise \.F.4 
Model’ 
Number dB VSWR Ohms 
335-465 


335-465 


MA-41202E 
MA-41202F 


7.5 
7.0 


1.3 
1.3 


NOTES: 


1. Alt units are available in matched pairs either forward 
or reverse (one forward diode, one reversed diode) by 
adding the suffixes M or MR respectively. Matching 
criteria for pairs: A L. = 0.3 dB Max.; Az,, = 25 Ohms Max. 


2. Single sideband NF, N__. = 1.5 dB Max. Excess Gas 
Tube Noise Temperature = 15.2 0.5 dB. 


3. Ipecr, = 1:0 mA; R, = 100 Q 


4. AC METHOD: IF = 60 to 1000 cps. 


Constant Acceleration 
Moisture Resistance 


Burnout 
Figure Max.°’” Impedance Rating 


Method 
1031 


1051 
2016 
2056 
2006 
1021 


RF° 
Direct 
Replacement 
Watts for 
20 
20 


1N23E 
IN23F 


5. This is a single shot 15,000 pulse (3 nS 
pulse width) burnout test. 
6. RL = 100 92 for VSWR measurement 


7. Untess otherwise specified, test conditions are: 


9.375 Z.. = 400 Ohms 
1.0 mw M¥unt, Jan 105 
100 Ohms 


fo = 
Po = 
R= 


8. JAN cartridge mixer diodes are in Case Style 3. 


ENVIRONMENTAL RATINGS PER MIL-STD-750 
Levels 
See Maximum Ratings 
See Maximum Ratings 
5 Cycles, -65 to +150°C 
500 g’s 


15Qq's 


20,000 g’s 
10 Days 


X-Band — MA-492 Series 
Ku-Band — 1N78 and MA-490 Series 
K-Band — 1N26 and MA-493 Series 
Ka-Band — 1N53 and MA-494 Series 


Mixer Diodes 
Coaxial Type 


CASE STYLES 


ceo CL Ld 


ji 
C4 


l hnhond Deh 


MAXIMUM RATINGS ENVIRONMENTAL RATINGS PER MIL-STD-750 


(At 25°C, unless otherwise specified) Method Levels 
Temperature, Storage 1031 See Maximum Ratings 

Incident CW RF Power 100 mW Temperature, Operating — See Maximum Ratings 
Temperature Cycling 1051 5 Cycles, -65 to +150°C 

Temperature Range Shock 2016 500 g’s 
Operating —65 to +150°C Vibration 2056 15Q's 
Storage —65 to +150° C Constant Acceleration 2006 20,000 g’s 


Moisture Resistance 1021 10 Days 


ELECTRICAL CHARACTERISTICS @ Ta = 25°C ‘je 
Test Max. Impedance® Burnout 
Frequency Frequency Model’ fidel! Case _—Noiise Figure?" ° Ohms = Max.?_—s- Rating 

Band GHz Number Number Style dB Min. Max. VSWR Ergs 

x 9.375 a MA-492F 11 7.0 250 450 1.3 2.0 

< MA-492E 1 75 250 450 1.3 2.0 

= MA-492D 11 8.5 250 450 1.7° 2.0 

cs MA-492C 11 9.5 250 450° 1.7 2.0 

KU 16.000 1N78G MA-490G 11 7.0 400 565 1.5 1.0 
1IN78F MA-490F 1 7.5 400 565 15 1.0 

1N78E MA-490E 11 8.0 400 565 1.5 1.0 

1N78D MA-4390D 11 8.8 400 565 1.5 1.0 

1N78C MA-490C 11 9.5 400 565 1.5 1.0 

1N78B MA-490B 11 10.0 365 565 1.6 1.0 

K 23.984 1N26C MA-493C 11 9.5 400 600 1.5 0.3 


1N26B MA-493B 11 11.0 400 600 1.5 0.3 
Kg 34.860 1N53D MA-494D 10 9.0 400 800 1.6 0.3 


1N53C MA-494C 10 9.0 400 800 1.6 0.3 
1N53B MA-494B 10 10.0 400 800 1.6 0.3 
1N53A MA-494A 10 11.1 400 800 1.6 0.3 


1N53 MA-494 10 13.1 400 800 1.6 0.3 
NOTES: 
+ MA-490, 492, 493, 494 are broadband diodes tested in broadband test mounts, All units are available in matched pairs either 
forward or reverse (one forward diode, one reversed diode) by adding the suffixes M or MR respectively. Matching criteria 
for pairs: A Le =0.3dB Max.; Az, = 25 Ohms Max. 


2. Single sideband NF, Nie = 1.5 dB Max. Excess Gas Tube Noise Temperature = 15.2 +0.5 48. 


3. Unless otherwise specified, test conditions are: fo = as indicated, Fe = 3.0mw, 2m = 406 Ohms, RL = 100 Ohms. 


MICROWAVE ASSOCIATES, INC. 
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JAN COAXIAL MIXER DIODES 
ELECTRICAL CHARACTERISTICS @ Tp = 25°C 


Test Max. IF 
Frequency Frequency Model Case Noise Figure Impedance Max. MIL-S-19500 
Band GHz Number _ Style dB Ohms VSWR Detail Number 


Ku 


16.000 1N78C 


11 9.5 400 - 565 


1.5 130A 


K 23.984 1N26B 11 11.0 400 - 600 1.5 128A 


34.860 1N53 10 13.1 400 - 800 1.6 238 


34.860 1N53B> 10 10.0 400 - 800 1.6 = 


—————— SL ST 


HIGH RF BURNOUT KU-BAND MIXER DIODES 


MAXIMUM RATINGS 
(At 25°C, unless otherwise specified) 


ENVIRONMENTAL RATINGS PER MIL-STD-750 


Method Levels 

Incident RF Power Temperature, Storage 1031 See Maximum Ratings 
Peak 10W, 3 ns Temperature, Operating = See Maximum Ratings 
(Balanced Mixer) Temperature Cycling 1051 5 Cycles, -65 to +150°C 

incident CW RF Power 250 mW Shock 2016 500 g’s 
Temperature Range Vibration 2056 15 Q's 
Operating —65 to +150°C Constant Acceleration 2006 20,000 g’s 


Storage —65 to +150°C Moisture Resistance 1021 10 Days 


ELECTRICAL CHARACTERISTICS @ Ta = 25°C 


Typ. Typ? RF* 
Max.' Conversion _Max.?’ ? LFS Rectified Burnout 
Model Case Noise Figure Loss VSWR Impedance Current Rating 
Number Style dB dB 2a 2b Ohms mA Watts 


————————— a! 


MA-41201D 11 8.8 6.5 1.5 2.5 400 - 565 1.4 10 
MA-41201E 11 8.0 6.0 1.5 2.5 400 - 565 1.4 10 
MA-41201F 11 7.5 6.0 1.5 2.5 400 - 565 1.4 10 
MA-41201G 11 7.0 5.5 1.5 2.5 400 - 565 1.4 10 


NOTES: 


1. Single Sideband NF @ 16 GHz; IF = 30 MHz 4. This is a single shot 15,000 pulse (10W peak, 3 nS pulse 
L.O. Power 1.0 mW; Noe = 1.5 dB; JAN 201 Mount; width) burnout test. 
RL=100 Ohms 
Relative excess Gas Tube Noise Temperature = 16.0 £0.5 dB. 5. Pending JAN approval 
2. (a) VSWR at 16 GHz in JAN 201 Mount, R, = 100 ohms. 


(b) VSWR 12.5 to 17.5 GHz swept; MA-595 C mount, 
RL = 22 ohms. 


6. All units are available in reverse polarity, matched 
forward pairs, or matched opposite polarity (one 
forward diode, one reverse diode) pairs by adding the 


(Maximum VSWR of MA-595C with 65 + JO Load 1.2:1, suffixes R, M, or MR respectively. Matching criteria for 
12.5 to 17.5 GHz). pairs— A Lo = 0.3 dB Max., 
3. RF Power = 1.0 mW, Ry = 100 Ohms, JAN 201 Mount, Az, = 25 Ohms Max. 


f_ = 16 GHz. 
°o 


All specifications are subject to change without notice. 
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RECEIVING DIODES 


Mixer Diodes 


X and Ku-Band — MA-41220 Series 


CASE STYLE 100 
U7 F RAD TYP 


MAXIMUM RATINGS ENVIRONMENTAL RATINGS PER MIL-STD-750 
(At 25°C unless otherwise specified) 


Method Levels 


Incident RF CW Power 100 mw Temperature Storage 1031 —65 to +150°C 
Incident RF Peak Pulse Power 2.0 Watts Temperature Cycle 1051 5 Cycles 
(3 ns pulse width, 1000 pps) —65 to +150°C 
Temperature Range Shock 2016 500 g’s 
Operating —65 to +150°C Vibration 2056 15 g's 
Storage —65 to +150°C Constant Acceleration 2006 20,000 g's 

. Humidity 1021 10 Days 


ELECTRICAL CHARACTERISTICS @ Ta= 25°C 


Test : IF 
Model Frequency Frequency : Impedance 
Number Bands Ohms 

MA-41220- C xX . : 2 250 - 500 
MA-41220- E : ; ‘ 250 - 500 
MA-41220- F : 3 : 250 - 500 
MA-41220- G : : : 250 - 500 
MA-41221-D - 


MA-41221- E : F = 
MA-41221- F ‘ : = 


NOTES: 


1. Test Conditions: Noise figure is single sideband measured with 30 MHz IF, NF ie = 1.5 dB, Max. and tocal oscillator power = 1.0 mW; 
excess gas tube noise at 9.375 GHz = 15.3 + 0.5 dB. 


at 16.0 GHz = 16.0 10.5 dB 


2. All units available as matched pairs by adding the suffix ‘‘M’’. Matching criteria for packaged pairs: A NF_=0.3 dBm Max. AZ... = 
25 ohms, Max. ° iF 


ny MICROWAVE ASSOCIATES, INC. Burtincton, massacHusETTs 
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: : UHF. S and X-Band 
Mixer Diodes 1N831 and 1N832 Series 


IN82 Series 
hlass Packages MA-41500 Series (PicoMin) 


RECEIVING DIODES 


CASE STYLES 4 


| Peas { 


po t3- ADIA } 


OD DIA 


TYPICAL TYPICAL 


Lp 7 2-5nH pa fee —_ parte L, = 1-0nH 2] 145 Paha Tar] 
C, = 0.07 pF [8 {9005 [o107 =O, oes | o7s L172 | 191 | 
p 


0.022 


Not to scale. 


MAXIMUM RATINGS ENVIRONMENTAL RATINGS PER MIL-STD-750 
(At 25°C unless otherwise specified) 
Incident Peak Pulse RF Power 5.0W Method 


3 ns Pulse Width, 1000 pps Temperature, Storage 1031 See Maximum Ratings 

Incident (CW) RF Power Temperature, Operating = See Maximum Ratings 
1N831 a7 my Temperature Cycling 1051 5 Cycles, —65 to +150°C 
1N832 325 mW aie 2016 500 g's 
Me eed eae wy Vibration 2056 15 9's 

Temperature Range Constant Acceleration 2006 20,000 g's 
Operating —65 to +150°C Humidity 1021 10 Days 
Storage —65 to +150°C 


Levels 


ELECTRICAL CHARACTERISTICS 


Max.2'4-5 —— Typical*:® 


Test Noise Conversion 1F* 5 
Model! :2 Frequency Figure Loss Impedance 
Number GHz dB dB Ohms 


1N831 3.06 8.3 5.5 350-450 
JAN 1N831A® 3.06 7.0 5.0 350-550 
1N831B 3.06 6.5 4.5 350-550 
IN831C 3.06 6.0 4.0 350-450 
1N832 9.375 9.5 7.0 325-475 
1N832A 9.375 7.5 6.0 335-465 
JAN 1N832B8 9.375 7.0 5.0 335-465 
1N832C 9.375 6.5 4.5 335-465 


Continued on following page. 


MICROWAVE ASSOCIATES, INC. suRLINGTON. MASSACHUSETTS 


13 | 


ELECTRICAL CHARACTERISTICS (Continued) 


Max.?'4:5 — Typical*-5 —_-Ratings*: 
Test Noise Conversion IF 

Model! -2 Frequency Figure Loss Impedance 
Number GHz dB dB Ohms 


MA-41500 3.06 8.3 : 200-500 
MA-41501 3.06 7.0 . 250-450 
MA-41502 3.06 6.5 - 250-450 
MA-41503 3.06 6.0 : 250-450 
MA-41504 3.06 5.5 A 250-450 
MA-41505 9.375 9.5 . 200-400 
MA-41506 9.375 7.5 5 200-400 
MA-41507 9.375 7.0 . 200-400 
MA-41508 9.375 6.5 - 200-400 
MA-41509 9.375 6.0 . 200-400 
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UHF MIXER DIODES i Min. 
Forward Reverse Max.” 
Voltage Voltage Noise 
Model @ 15mA @ 500A Figure 
Number Volts Volts dB 


1N82A 3.0 14.0 
JAN 1N82AG®& 3.0 14.5 


NOTES: 


1. Diodes available as single or matched Pairs by adding M to model number. 
2. Matching criteria for pairs. 
4. = 0.3 dB Max. 
c 
AZ), = 25 2Max. 


. Noise figure is single side band, Nie = 1.510.2d8. Relative excess gas tube noise temperature = 15.2 dB + 0.5 dB ®@ 3.06 GHz, 15.3 


+ 0.5 at 9.375 GHz. 


» All S-Band measurements for the 1N&31 Series at 0.5 mW L.O. in fixed tuned JAN holder with adapter at 3.06 GHz, R, =10082 For 
the MA-41500 .o MA-41504 Series, test holder JD1908 is used. 


. All X-Band measurements for the 1N&832 Series at 1.0 mW L.O. in fixed tuned JAN holder with adapter at 9.375 GHz, R71 0022. For 
the MA-41505 to MA-41509 Series, test holder JD2078 is used. 


« The JAN 1N82AG is intended for use as a mixer in the UHF frequency range. It is manufactured to conform to MIL-STD-19500/250B8 


and tested to MIL-STD-750 prescribed methods. 


. L.O. Drive = 1.3 mA; R= 10 Ohms; Nie = 4.5 dB; Fo = 890 MHz. 


» Pending approval to military specifications. 


MA-41500 SERIES MIXER DIODES TYPICAL PERFORMANCE CURVES 


FIGURE 1 NOISE FIGURE VS L.O. POWER FIGURE 2 NOISE FIGURE VS TEMPERATURE 


RECEIVING DIODES 


NOISE FIGURE — dB 
NOISE FIGURE — dB 


TEMPERATURE — 


FIGURE 4 VSWR VS TEMPERATURE 


0 30 60 90 120 150 
L.O. POWER LEVEL — dBm TEMPERATURE — °C 


FIGURE 5 ZF VS. L.O. POWER 


90 120 150 
L.O. POWER LEVEL — dBm TEMPERATURE — °C 


FIGURE 7 DC RECTIFIED CURRENT VS 
L.O. POWER LEVEL 


RECTIFIED CURRENT — mA 


L.O. POWER LEVEL — dBm 


All specifications are subject to change without notice. 
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Additional JEDEC 
Point Contact S through Ku-Band 


Mixer Diodes 


ELECTRICAL CHARACTERISTICS @ Ta= 25°C 


Max. IF 
Test Noise Impedance 
Model Case Freq. Figure Ohms i Burnout 
Number Style GHz dB in. A Rating 


1N3655 3 3.06 8.3 10.07 
1N3655B 3 3.06 6.0 10.07 
1N3745 3 9.375 9.5 : 5.07 
1N149 7-1 9.375 83 - 
JAN 1N2634°5 151° 9.375 7.5 ; 1.0% 
1N4600 1 13.3 9.5 . 1.0° 
1N4601 11 13.0 8.8 ; 1.0% 
1N4602 11 13.3 8.0 : 1.0% 
JAN 1N1838 1-5 1518 13.3 32 : = 
1N4603 11 16.0 9.5 : 1.03 
1N4604 11 16.0 8.8 : 1.0 
1N4605 1 16.0 8.0 : 1.0% 


NOTES: 


1. Germanium point contact diode for doppler appli- 
cations. Noise figure is measured at |F = 20 KHz. 


+ Burnout rating in watts using a 3 nS pulse. 
. Burnout rating in ergs. 
. Germanium Point Contact Diode. 


» These units are available in matched pairs either forward or reverse (one forward diode, one reverse diode) by adding 
the suffixes M or MR respectively. 


+ Complete case style description available on request. 


MICROWAVE ASSOCIATES, INC. Burtincton, MASSACHUSETTS 
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Point Contact UHF through Ku-Band 
Power Monitor 
Diodes 


ELECTRICAL CHARACTERISTICS @ T, = 25°C 


Input Rectified 
Test Load Power Power Current 
Model Freq. Resist. Level Level pA 
Number MHz Ohms mw dBm Min. Max. 


UHF BAND 
140 1515 —2.8 92 


375 1615 —2.8 102 
750 1515 —2.8 104 


MA-437 
1N2771 


X-BAND 
—_— 
1N3143 9,375 16000 . - a 
1N3778 9,375 10000 10.0 - 3000 
—  — —eeeeeEeSeeSSSFSSSFSFSSSSFSeSeSeeSeSeSeSeSeSSeSeseFe 
Ku-BAND 
Se ee 
16,000 10000 .05 = - - 50 
MA-4135 11 16.000 10000 1.0 - = 
16,000 10000 10.0 = ~ 3000 


All specifications are subject to change without notice, 17 


RECEIVING DIODES 


SELECTION GUIDE-SILICON SCHOTTKY MIXER DIODES 
IN HERMETIC PACKAGES 


All specifications are subject to change without notice. 


SELECTION GUIDE-SILICON SCHOTTKY MIXER DIODES 
FOR STRIPLINE AND HYBRID 
INTEGRATED CIRCUITS 


| 
Style | 


81 135 185 
Frequency | Lid Chip Beamlead 


| ah i Le | Brorniged | — Nowe | 


MA-40033 
MA-40034 Medium 
C-Band MA-40035 Barrier 
X-Band MA-40121 MA-40122 MA-40140 MA-40123 Low Barrier 
MA-40171 MA-40172 MA-40170 MA-40173 Medium 
Barrier 
Ku-Band MA-40119 MA-40124 Low Barrier 
MA-40169 MA-40174 Medium 
| Barrier 


MICROWAVE ASSOCIATES, INC. surtincton, MASSACHUSETTS 
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RECEIVING DIODES 
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Schottky Barrier 
Diodes 

For 

Mixer 
Applications 


Bulletin 4251 


Medium Barrier 
Ku Band Coaxial Series | 
L-X Band Glass Series | 
S-Ku Band MQM Series 
Stripline Series 
1N21, 1N25 Equivalents | 


Microwave Associates, Inc. 
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Medium Barrier Ku-Band Coaxial Series 
Schottky Mixer Diodes | sa-eer 


CASE STYLE 


MAXIMUM RATINGS ENVIRONMENTAL RATINGS PER MIL-STD-750 


(@ 25°C, Uniess Otherwise Specified) Method Lavele 


Incident RF CW Power 100 mW f 
Incident RF Peak Pulse Power 2.0 W Temperature, Storage 1031 See Max. Ratings 


{3 ns Max. pulse width, 1000 pps) Temperature, Operating a See Max. Ratings 
DC Current 50 mA Temperature Cycling 1051 5 Cycles, 
Reverse Voltage —65 to +150°C 
(I, = 10 uA) 2V Shock 2016 500 g’s 
Temperature Range: Vibration 2056 20 g's 
Operating —65 to +150°C Constant Acceleration 2006 20,000 g’s 
Storage —65 to +150°C Humidity 1021 10 Days 


ELECTRICAL CHARACTERISTICS @ Ta= 25°C 


Max.' é 

Noise IF 
Model Figure Max. |? Impedance 
Number dB VSWR Ohms 


MA4861E 8.0 2.5 250 - 500 
MA4861F 7.5 2.0 300 - 550 
MA4861G 7.0 2.0 300 - 550 
MA4861H 6.5 2.0 300 - 550 


All units are also available as individual reverse, matched pair forward, and matched pair forward and reverse by adding 
the suffix “R’’, “M” and “MR” respectively to the model number. 


Matching criteria for pairs: A Lo = 0.3 dB, Max.: A Zif = 25 Ohms, Max. 


NOTES: 


» Single sideband NF measured at 16 GHz with 30 MHz IF. Local oscillator power = 0.5 mW Nom., Nie = 1.5 dB Max., 


JAN-201 mount. arn = 100 Ohms. 


- Swept measurement 12.5 to 17.5 GHz in MAS95C broadband mount with R, = 22 Ohms. (VSWR is 1.5 Max. at 16 GHz, 
R, = 100 Ohms in JAN-201 mount). Max. VSWR of MAS9S5C with 65 + jO load = 1.2 from 12.5 to 17.5 GHz (swept 
measurement). | 
- RF Power = 0.5 mW Nom., R, = 22 Ohms for MA595C mount and Ry =100 Ohms for JAN-201 mount. 
+ Coaxial case diode polarity is such that the sleeve is positive with respect to center conductor when current flows in the 
forward direction. 


MICROWAVE ASSOCIATES, INC. surtinaton, massACHUSETTS 


TYPICAL PERFORMANCE CURVES - MA-4861 SERIES 


NOISE FIGURE vs LOCAL OSCILLATOR POWER Zp v2 LOCAL OSCILLATOR POWER 
“6 900 


= : 
Xl 
nN 
MA-4961 SERIES, 
10 


ot 10 


r7 


NOISE FIGURE -d8 


LOCAL OSCILLATOR POWER — mw 


LOCAL OSCILLATOR POWER —mW 


NOISE FIGURE vs TEMPERATURE 


NOISE FIGURE —d8 


SERIES 


+40 
TEMPERATURE — °C 


+80 


DIODE NOISE RATIO vs 1F FREQUENCY IN kHz 


CHANGE IN 2,_ vs TEMPERATURE 


MA-4861 SERIES 


NOISE RATIO -dB 


20 40 


1F FREQUENCY — kHz TEMPERATURE — °C 
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RECEIVING DIODES 


: ‘ L through X-Band, 
Medium Barrier Pico Minature Glass Packages 


: : S through Ku-Band, 
Schottky Mixer Diodes | ~ pron Pecksaes 


CASE STYLES 


Pa [ass7 [207 [500] 526] 
Te [070 [oe fx. 
ee ee 


ae oe 
Lo - 


Not to scale. 


MAXIMUM RATINGS ENVIRONMENTAL RATINGS PER MIL-STD-750 
(@ 25°C, unless otherwise specified) 


DC Current: Method Levels 


L-Band Diodes 200 mA | Temperature Storage 1031 See Max. Ratings 

S-Band Diodes 150 mA | Temperature Operating _ See Max. Ratings 

X-Band Diodes 100 mA | Temperature Cycling 1051 5 Cycles, —65 to +150°C 

Ku-Band Diodes 60 mA | Shock 2016 500 g‘s 

Reverse Voltage 3 Volts, Min. Vibration 2056 20 g's 

Temperature: Constant Acceleration 2006 20,000 g’s 
Operating —65 to +150°C Humidity 1021 10 Days 
Storage —65 to +175°C 


ELECTRICAL SPECIFICATIONS @ Ta= 25°C 


MIXER DIODES Max.” ‘ 
Test Noise IF 
Model! Case Frequency Figure Max. Impedance 
Number Style GHz dB VSWR Ohms 
MA-4882 54 1.0 5.5 1.5 125-250 
MA-4883 54 1.0 6.5 1.6 125-250 
MA-4853 54 3.0 5.5 1.5 125-250 
MA-4852 54 3.0 6.5 1.5 125-250 
MA-4851 54 3.0 7.5 2.0 125-250 
MA-4856 54 9.3 7.5 1.8 200-400 
MA-4855 54 9.3 8.5 2.0 200-400 
MA-40003 100 3.0 5.5 1.6 200-400 
MA-40002 100 3.0 6.0 1.6 200-400 
MA-40001 100 3.0 6.5 1.8 200-400 
MA-40009 100 9.3 6.0 1.6 200-500 
MA-40008 100 9.3 6.5 1.6 200-500 
MA-40007 100 9.3 7.0 1.6 200-500 
MA-40006 100 9.3 8.0 1.8 200-500 
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(Continued) 


Test IF? 
Modet' Frequency : tmpedance 
Number GHz Ohms 


RECEIVING DIODES 


MA-40015 : ; 200-500 
MA-40014 : : 200-500 
MA-40013 ; : 200-500 
MA-40012 . F 200-500 


NOTES: 


1. Matched mixer diode pairs are available by adding the suffix ‘‘M’. Matching criteria for pairs: A Le = 0.3 dB Max.; 
Az, = 25 Ohms Max. 


= 1.0 mW; NFie = 1.5dB Max.;F,. = 30 MHz; R, = 16 Ohms; Single Sideband Noise Figure 


LO IF L 


TYPICAL PERFORMANCE CURVES 


Noise Figure Change vs. Local Oscillator 
Change in R.F. Impedance vs. Loca! Oscillator Power Power Level 


3.90 


4.00 


2.50 


Single Side Band 


NOISE FIGURE CHANGE dB 


VSWR TYPICAL 


6 -4 -2 
L.O. POWER LEVEL dBm 


CO POWERILENEL: cB Noise Figure vs. Frequency 


Change in R.F. Impedance vs. Temperature 


NOISE FIGURE © dB 


FREQUENCY GHz 


VSWR = TYPICAL 


Noise Figure vs. Frequency 


NOISE FIGURE 48 


1 12 14 #16) 18 
FREQUENCY GHz 


Flicker Noise Characteristics for MA-40006 at 25°C 


NOISE RATIO 


FREQUENCY KHz 


Noise Figure vs. Temperature for MA-40006 


L.0. POWER LEVEL == 1] mW 
L.O, FREQUENCY == 9.3 GHz 


tT” 


NOISE FIGURE 4B 


5 
20 40 60 80 100 120 140 160 100 60 68) |=6100 120 
TEMPERATURE = C , TEMPERATURE 


Stripline Package Series 


Medium Barrier 
Schottky Mixer Diodes | 4-40033, na-40034, ma-40035 


CASE STYLE 137 
A 
DIA. 
_ 
| C | CATHODE DOT 


TYP. 


DIMENSIONS 


MAXIMUM RATINGS (@ 25°C) 


Incident RF CW Power 100 mW Temperature: 
Incident RF Peak Pulse Power 2.0 watts Operating -65 to +125°C 
(3 ns Max. pulse width, 1000 pps) Storage -65 to +125°C 


DC Forward Current 50mA 


TYPICAL ELECTRICAL PARAMETERS 
All Models 


Package Capacitance® (C_) .2 pF Junction Capacitance? (C.) 0.1 pF 
Series Resistance (R,) 82 Breakdown Voltage® (Vp 3.0 V 


ELECTRICAL CHARACTERISTICS @ Ta= 25°C 


Max.! IF 


Test 
Model” Case Fiegueney Noise Figure Max. Impedance 
Number Style GHz dB VSWR Ohms 
Un === ninsee ome kh 
MA-40033 137 6.0 5.5 1.5 200 = 500 
MA-40034 137 6.0 6.0 1.5 200 = 500 


MA-40035 137 6.0 7.0 2.0 200 = 500 
O00 


NOTES: 


1. ue Cenditions: Noise figure is single sideband; measured with 30 MHz IF N. it” 1.5 dB max. 
Plo = 1.0 mW; excess gas tube noise = 15.2 dB; are = 16 Ohms. 


2. All units avaitable as matched pairs by adding suffix ‘’M’’. Matching criteria: ANF = .3 dB max.; 


<i = 25 Ohms max. 


3. Breakdown voltage is measured at —10 HMA. Capacitance is measured at 1 MHz. 
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TYPICAL PERFORMANCE CURVES 


TYPICAL NOISE FIGURE VS. FREQUENCY MA-40034 


RECEIVING DIODES 


TYPICAL NOISE FIGURE VS. LOCAL OSCILLATOR POWER 
MA-40035 
TEST CONDITIONS 


TEST CONDITIONS IF FREQUENCY = 30 MHz 
L.O. FREQUENCY = 6.0 GHz NFif = 1.5 dB 


IF FREQUENCY = 30 MHz 
NFie =1.5 dB 


—10 ~3 0 10 
(PLO) LOCAL OSCILLATOR POWER dBm 


dB 


(NF,) NOISE FIGURE 


NOISE FIGURE 


10 
FREQUENCY GHz 


FORWARD CURRENT VS. FORWARD VOLTAGE 


TYPICAL IF IMPEDANCE VS. L.O. POWER LEVEL 


TEST FREQUENCY: 6.0 GHz 


OHMS 
mA 


(F IMPEDANCE 


(ig) FORWARD CURRENT 


—4 0 4 
LO POWER dBm 


2 4 6 : 
(Ve) FORWARD VOLTAGE V 


Medium Barrier 
Schottky Mixer Diodes 


CASE STYLE 


Schottky Diode Replacements 
for IN21, IN23 Series 


MAXIMUM RATINGS 
(@ 25°C, unless otherwise specified) 


MA-40051 Series MA-40071 Series 


Incident RF CW Power 100 mW 100 mw 
DC Current 60 mW 50 mA 
Reverse Voltage 3V 3V 
Temperature Range: 

Operating —65 to +150°C —65 to +150°C 
Storage —65 to +175°C —65 to +175°C 


Reversible 
Adapter 


[0.047 loos? [iio [rae | 


ENVIRONMENTAL RATINGS PER MIL-STD-750 


Pulse Burnout: 


Method Levels Frequency 3.060 GHz 9.375 GHz 
Temperature, Storage 1031 See Max. Ratings R, 1002 1002 
Temperature, Operating — See Max. Ratings Pulsewidth 3ns 3ns 
Temperature, Cycling 1051 5 Cycles, —65 to +150°C Incident Peak Power 2W 2W 
Shock 2016 500 g’s Pulse Frequency 1 kHz 1 kHz 


Vibration 2056 15Q's 
Constant Acceleration 2006 20,000 g's 
Moisture Resistance 1021 10 Days 


ELECTRICAL SPECIFICATIONS @ T, = 25°C 


Max. Max. Max. 
Noise? Conversion? = Output* 1F° 
Model’ Case Figure Loss Noise Max. impedance 
Number Style dB dB Ratio vswr® Ohms 
S-Band (Test Frequency - 3.060 GHz) 
MA-40051E 3 7.0 5.5 1.8 2.0 300-500 
MA-40051F 3 6.0 5.5 1.5 1.5 350-450 
MA-40051G 3 5.5 5.0 1.5 1.5 350-450 
MA-40051H 3 5.0 5.0 1.5 1.5 350-450 
$ Through X-Band (Test Frequency - 9.375 GHz) 
MA-40071E 3 7.5 6.0 1.4 2.0 300-500 
MA-40071F 3 7.0 6.0 1.4 1.5 325-475 
MA-40071G 3 6.5 5.5 1.4 1.5 325-475 
MA-40071H 3 6.0 5.0 1.4 1.5 325-475 
MA-400711I 3 5.5 4.5 1.4 1.5 325-475 
NOTES: nominal !F noise figure. The local oscillator power is 1.0 mW, 


Nom. and RL = 100 ohms. The MA-40051 Series is tested 


1. All units are also available as single reverse, matched Pair 


forward, and matched pair forward and reverse by adding in the JAN 264 mount, and the MA-40071 Series in the JAN 
“R'', UM" or “MR” respectively to the base type number. 105 mount. 
Matching criteria for pairs: A NF = 0.3 dB Max. and 3. Amplitude Modulation Method. 
21.725 Ohms Max. 4. Calculated from NF = Lo (NF E+ Neo?) 
2. The specified noise figure is a single sideband measurement > ‘RECT. een eS 
made at the stated frequency with a 30 MHz IF and a 1.5 dB 6. AC METHOD }IF = 60 to 100 cps. 
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TYPICAL PERFORMANCE CURVES - 


NOISE FIGURE VS. L.O. POWER 
MA40051 AND 1N21 


NOISE FIGURE CHANGE 


. NOISE FIGURE CHANGE 


NOISE FIGURE VS. TEMPERATURE 
MA40051 AND 1N21 


dB 


, NOISE FIGURE CHANGE 


76 100 125 150 
TEMPERATURE °C 


iF IMPEDANCE VS. L.O. POWER 
MA40071 AND 1N23 


-2 Le) 2 4 
LO POWER LEVEL dBm 


-10 


NOISE FIGURE CHANGE - dB 


NOISE FIGURE VS. L.O. POWER 
MA40071 AND 1N23 


2 4 
LO POWER LEVEL d8m 


NOISE FIGURE VS. TEMPERATURE 
MA40071 AND 1N23 


TEMPERATURE °C 


IF IMPEDANCE VS. L.O. POWER 
MA40071 AND 1N23 


8 6 - 2 0 2 «4 
LO POWER LEVEL 8m 


IF IMPEDANCE VS. TEMPERATURE 


MA40071 AND 1N23 


Az, Ohms 


IN21/1N23 


“50-25 
TEMPERATURE °C 


0 25 sO 75 100 125 150 


MA40051/MA40071 


SReGee 
See er 
BRaa Re See 


RECEIVING DIODES 


TYPICAL PERFORMANCE CURVES (Continued) 


VSWR VS. LO POWER 
MA40071 AND 1N23 


i a 
a 
a 
Bs al i 
2 
PASaath 


VSWR VS.LO POWER 
MA40051 AND 1N21 


VSWR CHANGE 
° 
a 


-2 2 4 
to POWER cever 3bm 


VSWR VS. TEMPERATURE 
MA40071 AND 1N23 


VSWR VS. TEMPERATURE 
MA40051 AND 1N21 


.VSWA CHANGE 


TEMPERATURE 


100 


125 


TEMPERATURE 


NOISE RATIO VS. IF FREQUENCY 
MA40051 AND 1N21 


NOISE RATIO VS. IF FREQUENCY 
MA40071, 1N23 AND BACK DIODE, L.O. BIAS 


4.0, 99.376 GHz 
Pro. #1,0mw 
4 


NOISE RATIO 


20 wn” 20 
(Ff FREQUENCY kHz (F FREQUENCY kHz 
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TYPICAL PERFORMANCE CURVES (Continued) 


RECTIFIED CURRENT VS. L.O. POWER 
MA40051 AND 1N2? MA40071 AND 1N23 


ae 


Toe 


RECEIVING DIODES 


mA 


RECTIFIED CURRENT 


RF IMPEOENCE vS. FREQUENCY RF IMPEDANCE Vs. FREQUENCY 
MA40051 AND 1N21 MA40071 AND 1N23 
(Referenced to 50 + jo Ohms) (Referenced to 50 + jo Ohms) 


a= TYPICAL MA40051 ; = TYPICAL 1N23 
seem TYPICAL 1N21 === TYPICAL MA40071 
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Low and Medium 
Barrier Schottky Mixer Diodes 


MA40100 SERIES—LOW BARRIER 
MA40150 SERIES—MEDIUM BARRIER 


Bulletin 4211 
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DESCRIPTION 


These two families of Schottky mixer diodes are offered in all standard diode package styles. The diodes are silicon Schottky 
barrier diodes of planar epitaxial passivated chip construction. The manufacturing technique produces devices with extremely 
uniform electrical characteristics. Uniform RF impedances from diode to diode are provided by the very tight tolerance in 
junction capacitance. 


High reliability versions screened to MIL-STD-750 are available. The tables at the rear of this bulletin give the recommended 
screening and inspection procedures. 


APPLICATIONS 


The MA-40100 series of low barrier Schottky diodes, show optimum performance at -3 dBm, and show less than 1 dB noise 
figure degradation at -10 dBm. They are recommended for starved LO applications. 


The MA-40150 series of medium barrier Schottky diodes, show optimum performance at 0 dBm and are recommended for 
use where moderate LO power is available. 


RECEIVING DIODES 


SPECIFICATIONS 

Electrical Characteristics @ 25°C 

L- through Ku-Band 

Schottky Barrier Mixer Packaged Diodes’ 


: Max! ‘ 
Low Barrier’ © Medium Barrier P Test Noise IF 
Frequency Model Modet Case“ Frequency Figure Max. — Impedance 
Band Number Number Style GHz dB VSWR Ohms 
L-through- X MA-40100 MA-40150 119 9.375 6.0 1.5 250-450 
MA-40101 MA-40151 119 9.375 6.5 1.5 250-450 
MA-40102 MA-40152 119 9,375 7.0 2.0 250-450 
MA-40103 MA-40153 54 9.375 6.5 1.5 250-450 
MA-40104 MA-40154 54 9.375 7.0 2.0 250-450 
MA-40105 MA-40155 120 9.375 6.0 1.5 250-450 
MA-40106 MA-40156 120 9.375 6.5 1.5 250-450 
MA-40107 MA-40157 120 9.375 7.0 2.0 250-450 
Ku MA-40110 MA-40160 119 16.0 6.5 1.5 200-450 
MA-40111 MA-40161 119 16.0 7.0 2.0 200-450 
MA.-40115 MA-40162 120 16.0 6.5 1.5 200-450 
MA-40116 MA-40163 120 16.0 7.0 2.0 200-450 
Schottky Barrier Mixer Diode Chips 
and Carriers for Microwave Hybrid Circuits 
Min. Typ. Max.3 
Breakdown Forward T ral Typ. 
Voltage Voltage c ota Noise 
Low Barrier’ Medium Barrier’ @10uA @1mA apacitance — Figure 
Model Model Case Volts Volts @V_=9 @9.375 GHz 
Number Number Style Low Med Low Med. pF dB 

MA-40140 MA-40170 135 2 4 3 4 15 6.5 

MA-40121 MA-40171 81 2 4 3 4 .30 6.5 

MA-40122 MA-40172 121 2 4 3 4 .20 6.5 

MA-40123 MA-40173 185 2 4 PC 4 30 6.5 

MA-40124 MA-40174 185 2 4 3 4 15 6.5 

MA-40126 MA-40176 186 2 4 3 4 35 6.0 

MA-40127 MA-40177 186 2 4 3 4 35 6.5 

MA-40128 MA-40178 186 2 4 3 4 35 7.0 

NOTES: 1. Atlunits avaitable as matched pairs by adding the suffix “M’. Matching criteria for 
packaged pairs: ONF, = 0.3 dB. Max., “ 2)4 = 25 ohms, Max. 
Matching criteria for chips: “ C = .06 pF, Max. @ VQ=0:  Vp=10 mV Max. @ I, = 1.0 mA. 
2. The diodes are thermo-compression bonded in at! case styles except In case style 54. 
The max. solder temperature for all Case Styles except 120 is 230°C for 5 seconds. 
For Case Style 120, Max. solder temperature is 200°C for 5 seconds. 
3. Measurement frequency = 1 MHz. 
4, Test Condition: Noise figure is single sideband measured with 30 MHz IF, NFip = 1.5 dB, Max., 
and local oscillator power = 1.0 mW; excess gas tube noise at 9.375 GHz = 15.3 0.508 
at 16.0GHz = 16.0205 48. 
6, Test frequency: tkHz 
Maximum Ratings @ 25°C 
Incident RF CW Power 100 mw | DC Forward Current 40 mA 
Incident RF Peak Pulse Power 2.0 Watts sh dares eens 
: Perating —65 to 
(3 ns pulse width, 1000 pps) Stevaee 65 to + 150°C 
MIL-STD-750 
TEST METHOD CONDITIONS 
Temperature, Storage 1031 -65°C to +150°C 
Temperature, Operating 1026 -65°C to +150°C 
Temperature, Cycling 1051 5 cycles, -65°C to +126°C 
Thermal Shock 1056 5 cycles, O°C to +100°C 
Moisture Resistance 1021 10 days, 90-98% RH, -10°C to 65°C 
Shock 2016 5 blows, X1, V1, Yo at 1800 G 
Vibration Fatique 2046 32 hours each X, Y, Z at 15G 
Vibration Variable Frequency 2056 Four 4 minute cycles, X, Y, Z at 20 G min. 100 - 2000 Hz 
Constant Acceleration 2006 1 minute each X,, Vy Yo at 20,000 G 
Typical Parameter Values. 

Case Style 54 81 119 120 121 136 185 186 
Package Capacitance — Cp - 05 pF .20 pF .15 pF .13 pF 0.20 pF - al 0.2 pF 
Package Inductance — Lp ta 50H .5nH 40H ~_ - - .4nH 
Series Resistance — R, 82 82 82 82 82 BQ 82 82 
Junction Capacitance — C, 1 pF 1 pF pF 1 pF 1 pF .lpF «1 pF -1 pF 


TYPICAL PERFORMANCE CURVES 
TYPICAL FORWARD CURRENT VS. 
MA-40100 FORWARD VOLTAGE 
NOISE FIGURE VS. LOCAL OSCILLATOR POWER 
g10 TEST CONDITIONS 


L.O. FREQUENCY = 9.375 GHz 
F- FREQUENCY, = 30 MHz 


MA-40100 
IF IMPEDANCE VS. LO POWER LEVEL 


f = 9.375 GHz 
HOLDER = JD2078, 50° 
7MM = AIR-LINE 
{NO TUNING} -10 3 40 10 1 


anon @ © 


INF} NOISE FIGURE 


wn 
ud 
Q 
e 
) 
O 
= 
= 
Lu 
© 
re) 
o 


(Py) LOCAL OSCILLATOR POWER dBm 4 MEDIUM SARRIER 
——eee LOW BARRIER 5 
—= MEDIUM BARRIER 5 ; 
= 
3 
g MA-40160 5 
3° 
NOISE FIGURE VS. FREQUENCY 2 a 
ay < 
Q 7.0 z 
5 TEST CONDITIONS S 00s 
a \F FREQUENCY = 30 MHz = 
¢ NFyp = 15 aB = 
- 5 
4 
0.01 
3 60) 
= 
4 00s 
° 
2 
5.0 
0.001 
t 3 10 16 2 ry) x % 
LO. POWER dBm FREQUENCY GHz (VF) FORWARD VOLTAGE Vv 


CASE STYLES 81 


072.078 

54 
: : 1 Cathode 
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 c68.075 014.016 Cath 
| 75-180 fe ob athode 
145 155 
Teo | 


051 - 055 pia. 
1.29 - 1.40 


119 
1 


21 
079 083 ‘a 


22 


OIA 
080 064 | 
152163 i 
DIA TYP. 4 
064 
“esr 


1 <s—Cathode 
eww and 


TOP CONTACT ANODE 
Cathode [ oe 
Oot 7 a om 
@OTTOM CONTACT 
CATHODE {GOLO? 


CATHODE 


.007- .008 
0,177-0,228 
003. .005 
Q076-0,127 
DIE THICKNESS 
Qooreo,orz7 THICK 
(GOLD LEADS! 


Not to scale. 


TX Preconditioning and Screening—100% 


Electrical Test 

High Temperature Storage t = 168 hrs., T = 150°C 
Thermal Shock (Temperature Cycling) 10 Cycles -65°C to +150°C, 

Fine Leak Test Cond. H 

Gross Leak Test Cond. C, Step 1 
Constant Acceleration 20,000 Gs, Y, only 
Radiographic Inspection 

Electrical Test: Ve @ 10 mA, 

Cy @V =OV,F = 1 MHz 

Burn-In Cond. B, t = 168 hrs, 
T= 100°C, 1, = 10mA 
Max. AV, = +10% 
Max. 4c, = +10% 


Electrical Test:V_.@10 mA, 
C, @V = OV, F = 10 MHz 


Catculate Drift, AV, and Ac, 
Final Visual 


Group B Inspection 


|__| _MIL.STD-.750 
Examination or Test Fethod | Test Conditions | 


Subgroup 1 
Physical Dimensions 


Subgroup 2 
Solderability 


Subgroup 3 

Temperature Cycle {10 cycles) 
Thermal Shock 
Hermetic Seal, Fine Leak 
Hermetic Seal, Gross Leak 
Moisture Resistance 
End Points: 

Noise Figure 

IF impedance 


Subgroup 4 
Shock — Non-operating 


Vibration Variable Frequency 

Constant Acceleration 

End Points: Same as Sub- 
group 3 

Subgroup 5 

High Temperature Life 

End Points: Per Step 8, 
Table ttl Drift Criteria 
same as Step 11, Table HI 


Subgroup 6 
Steady State Operating Life 


End Points: Per Step 8, Table 
It Drift Criteria 
same as Step 11, Table {11 


Specifications are subject to change without notice , 


Per Case Style in this 
Bulletin 


Unit Aging 


-65°C to +150°C 
Cond. A 

Cond. H 

Cond. C, Step 1 


See Page 34 
See Page 34 


1500G, t=0.5 ms, 5 
blows, Xe Y,: Le 
Non-Operating 

20,000 Gs, X,, vie Y, 


T,, = 150°C, t = 1000 hrs. 


1, = 10 mA, T = 25°C, 


t= 1000 hrs. 
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Silicon Beam 
Lead Schottky Diodes 


Low and Medium Barrier 
Mixer and Detector Beam Lead Diodes 


RECEIVING DIODES 


Bulletin 4213 


CATHODE 


a a 


FEATURES 


® Planar Construction (Surface Oriented Diode) 
® Silicon Nitride Passivation 

® Extremely Strong Beam Construction 

® High Process Uniformity 

= Low Noise Figure (6 dB Typical at 10 GHz) 


APPLICATIONS 


Beam Lead Diodes are specifically designed for stripline and microstrip circuit applications because they are planar devices. 
The Beam lead construction provides a device with extremely low parasitic reactances and precise process control insures re- 
peatable RF performance from batch to batch. 


Information on Beam Lead Bonding Techniques is available in M/A’s Technical Report ‘‘Application and Handling of Chip 
and Hybrid-Chip Diodes for Integrated Circuits.” 


DESCRIPTION 
Beam Lead Schottky Diodes are planar devices in which both the Schottky junction and the back contact are made accessible 
to a common surface so they may be contacted by the beam leads. The Schottky junction is passivated by silicon oxide and 


silicon nitride to give stable reliable performance. The diodes meet the humidity tests as specified in MIL STD 750, 1021 as 
well as burn-in life tests. 


During the manufacturing process, gold beam leads are deposited onto a giass layer before the wafer is separated into individual 
diodes. This technique produces the exceptional beam strength characteristic of M/A Schottky Beam Leads. 
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SPECIFICATIONS 


Mixer Characteristics @ T, = 25°C Min. Typicat 
Max. Max. Breakdown Single Side 


Totat Forward Voltage Voltage Typical Band 
rigimgaiee (pF) @1mA @10 uA Series Resistance NF 
p70, Fat MHz Volts Volts Ohms dB 


025. 0.35 
(X-Band 
Low Barrier) 


MA-40124 
(Ku-Band 
Low Barrier) 


MA.40173 
(X-Band 
Medium Barrier) 
MA-40174 
(Ku-Band 
Medium Barrier) 


Detector Characteristics @ T, = 25°C 
Typical 
Parameter Vatue Units Test Conditions 
MA-40175 Tangential Sensivity -55 dBm I, = 25uA 
Ku-Band Detection Sensitivity 7000 mV/mw Vid Bw = 2MHz 
Detector Video Resistance 1400 2 f = 9.375 GHz 


Absolute Maximum Ratings 


Incident RF Peak Pulse Power , T, SiQ6°C( NOt ays seek a Se a te eb Sadia ve grein he OM ee 
Incident C W RF Power, T, = 25°C oe eee 
Operating Temperature Range .. 6... ee -60°C to +150°C 
Storage Temperature Range 2... cece eee e. -60°C to +150°C 
Maximum Pull On Any Lead. eee een nes 

Diode Mounting Temperature 2.0.0... ce eee nett vae 


NOTE: 
1. 3s Max. pulse width, 1000 pps. 


OUTLINE DRAWING 


Figure 1 


Noise Figure Vs. Locat Oscillator Power 


MIN 


mie 


TEST CONDITIONS 
1,0, FREQUENCY ~ 9.375 GHz, 16.0 GHz 
iF FREQUENCY = 30 MHz 

NFi¢ = 1.508 


(NF,,} NOISE FIGURE — dB AT 9.375 GHz 
(NF) NOISE FIGURE —d6 AT 16.0 GHz 


1.0 POWER 


Bin 


TYPICAL PERFORMANCE CURVES 


Figure 2 


Typical Forward Characteristics Figure 3 Typical Forward Characteristics 
Low Barrier Diodes Medium Barrier Diodes 


100 


Figure 4 
15 


MA-40174 Typical Noise Figure Vs. Frequency 


NOISE FIGURE dB 


FREQUENCY GHz 
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Detector Diode Characteristics 


FIGURE OF MERIT (F. M.) 
A Figure of Merit has been established to characterize video receivers: 
BRv 


Figure of Merit = M VRa + Rv 
Ra + Rv 


where Ry is the dynamic resistance of the diode and is called video resistance, and Ra is a constant resistance representing the noise 
contribution due to amplifiers. The term R, ~ 120092, but no longer seems to be valid for present low-noise transistor amplifiers. Figure 
of merit does not consider shot and flicker noise introduced by the bias current. Therefore, this method of characterization is of 
limited value in describing Schottky-Barrier diodes. Video detectors are presently being characterized by signal sensitivity types of 
measurement, i.e., amount of available signal power (in decibels referred to 1 mW) required to produce a specified signal-to-noise 
ratio. The various terms now used are minimum detectable signal (MDS), tangential signal sensitivity (TSS), nominal detectable 
signal (NDS) and noise equivalent power (NEP): 


MINIMUM DETECTABLE SIGNAL (MDS) 


The minimum detectable signal (MDS) is defined as the smallest signal which may be observed on an oscilloscope when its position 
along the trace is unknown. This corresponds to a signal-to noise ratio of approximately unity and is a subjective measurement. 


TANGENTIAL SIGNAL SENSITIVITY (TSS) 


The Tangential Signal Sensitivity (TSS) is a direct measurement of signal-to-noise voltage in a detector receiver. The measurement is 
carried out with a pulse signa!, the level of which is adjusted such that the highest noise peaks observed on an oscilloscope in the ab- 
sence of signal are the same level as the lowest noise peaks in the presence of the signal. The condition is shown in Figure 1. The sig- 
nal level thus determined gives the TSS value. TSS corresponds to a signal-to-noise ratio of approximately 2.5:1. Although the mea- 
surement is subjective and depends upon the operator, it is still most commonly used by industry. 


Figure 1. Representation of Oscilloscope RAISED NOISE 


roe ining TSS. APPLIED SMALL SIGNAL 
Display in Determining TSS STANDING NOISE 


NOMINAL DETECTABLE SIGNAL (NDS) 
The Nominal Detectable Signal (NDS) is defined as exactly that microwave power required to produce an output power equal to the 
noise power. This corresponds to a signal-to-noise ratio of unity. 
where = Boltzmann’s constant. 
absolute temperature 
video resistance 
room temperature 
white noise temperature ratio 
noise figure of video amplifier 


2 . 
If Fy = 1+ (Ra/RV), then NDS er KTB BY In f/f, = Flicker noise 


The TSS is found empirically to be 4 dB above NDS, under ordinary conditions. The various parameters TSS, MDS, and NDS are all 
dependent upon the amplifier bandwidth, usually varying as the square root of the bandwidth. Thus the bandwidth at which measure- 
ments are made must be stated when specifying the detector. The usual value is a 2-MHz video bandwidth. The attached curve shows the 


effect of video bandwidth on TSS. 
PLOT OF Tss. VS FIGURE OF MERIT FOR VIDEO DETECTORS 


1 MHz 
Video BW MHz 


RECEIVING DIODES 


SELECTION GUIDE-SILICON POINT CONTACT 
DETECTOR DIODES 
IN HERMETIC PACKAGES 


ce ne ee ee | 
Case Ceramic MOM 
— 23 100 


MA-41514 


MA-4139 

1n4379—« | MA-41812. | MA.4142 MA-41223 
1N16118 
MA4142A MA-4116 | MA-4122A 
MA461B 


| Comment | eee: Best aa Broad General? Best | | Waveguide || P Broad im Broad 
Detector Bandwidth Detector Band Purpose Bandwidth | Detector Band Detector Band 


1. Video Bandwidth = 2 MHz. 


2. “DO’'- Numbers are JEDEC outlines. 


MICROWAVE ASSOCIATES, INC. Burtincton. MASSACHUSETTS 


All specifications are subject to change without notice. 
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Point Contact 
Diodes for 


Detector 
Applications 


GLASS TYPES 
S-Band 
X-Band 


MOM TYPES 
S-Band 
X-Band 
Ku-Band 
K-Band 


CARTRIDGE TYPES 
X-Band 


ADDITIONAL TYPES 
UHF —X Band 


Bulletin 4151 


Microwave Associates, ne] 


ep) 
Wu 
O 
fo) 
a 
Q 
Z 
2 
Ww 
O 
es) 
oc 


Point Contact 
Detector Diodes 
Glass 


CASE STYLES 


i Masaiee 
== 7 
f. were f Lr 


S-Band Series 


1A. |__inenes [ww 
en ee TYPICAL om fe 

p p A_| 0.085 [0.107 L_ = 41.0 nH pas Tes Tae 1368 | 419 | 

8 [oe T0300 4s p [91] 


| T000 


C, = .05 pF 
[08 fom a 


Not to scale, 


MAXIMUM RATINGS @ 25°c 


Incident RF CW Power 2.0 W 

Incident RF Peak Pulse Power 100 mW 
(3 ns Max pulse width, 1000 pps) 

DC Currer 4* 10 mA 


ELECTRICAL CHARACTERISTICS @ Ta= 25°C 


Min.?: 3 


Test Tangential Video Burnout* 
Model! Case Freq. Sensitivity Impedance Rating 

Number Style GHz —dBm K ohms Ergs 
MA-4123 4 3.060 45 5—2b 5 
MA-4123A 4 3.060 48 5~—25 5 
MA-4123B 4 3.060 50 4.5-18 5 
MA-41510 54 3.060 45 4.5-18 5 
MA-41511 54 3.060 48 4.5—-18 5 
MA-41512 54 3.060 50 4.5--18 5 
 ——— 
NOTES: 1. Matched pairs are available by adding suffix M with output voltage matched 40.5 dB and Rv + 10% at —30 dBm. 


2. Bandwidth of IF amplifier = 2 MHz; NF ie = 3.5 dB Max. with an input impedance of 10,000 ohms. Low frequency cut- 
off is approximately 1.0 kHz. 


3. Holder is JAN 264 with adaptor for MA-4123 thru MA-4123B, and JD 1908 for MA-41510 thru MA-41512. 


4. Adequate Heat Sink Required. 


MICROWAVE ASSOCIATES, INC. BURLINGTON, MASSACHUSETTS 
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Point Contact 
Detector Diodes X-Band Series 


RECEIVING DIODES 


CASE STYLES 


eens ie — 


D 

L.= 2.5 nH ‘ome nf 

cP = .07 pF [aein, [max | iy, | max, | TYPICAL 

Pp «La [ooss Joror Tar6 [2.12 | a 
[a [ozs [oso [see [767 _| ‘On 
[1.000 [| 75 C,= .05pF 


EZ I 


Not to scale. 


MAXIMUM RATINGS @ 25°C 


Incident RF CW Power 
Incident RF Peak Pulse Power 

(3 ns Max. pulse width, 1000 pps) 
DC Current* 


ELECTRICAL CHARACTERISTICS @ Ty, = 25°C 


Min.?-3 
Test Tangential 
Freq. Sensitivity 
GHz ~dBm 
9.375 45 
9.375 48 
9.375 50 
MA-41513 9.375 45 
MA-41514 9.375 48 
MA-41515 9.375 50 


NOTES: 1. Matched pairs are available by adding suffix M with output voltages matched to +0.5 dB and Rv + 10% at —30 dBm. 


2. Bandwidth of IF amplifier = 2 MHz, NFie = 3.5 dB Max. with an input impedance of 10,000 $2 Low frequency cutoff 
is approximately 1.0 KHz. 


3. Holder is a modified Jan-105 for 1N833 thru 1N833B8 and JD-2078 for MA-41513 thru MA-41515 diodes. 
4. Adequate Heat Sink Required. 


All specifications are subject to change without notice. 


TYPICAL PERFORMANCE CURVES 


1N833_ VOLTAGE OUTPUT VS. INCIDENT POWER 


z.=502 
°o 
F = 9.375 GHz 


Volts 


Voltage Output 


Incident Power dBm 


MA-41515 TSS' VS. DC BIAS 


75 100 125 
DC Bias Microamps 


1. Bandwidth 2 MHz. 


All specifications are subject to change without notice. 


MA-41 
10K 


5K 


Ohms 


Typical Video Impedance 


Volts/Watt 


Voltage Sensitivity 


515 TYPICAL VIDEO IMPEDANCE VS. DC BIAS LEVEL 


50 100 200 500 1mA 2 
DC Bias Level Microamps 


MA-41515 VOLTAGE SENSITIVITY VS. DC BIAS 
10K 


DC Bias Microamps 


Point Contact 
Detector Diodes 
MOM 


CASE STYLE 100 


TYPICAL 
L_=2nH 
p 


= .05 pF 
co p 


ENVIRONMENTAL RATINGS 
PER MIL-STD-750 


Method 


1031 
1051 


Temperature Storage 
Temperature Cycle 


Shock 

Vibration 

Constant Acceleration 
Humidity 


2016 
2056 
2006 
1021 


S-Band 
X-Band 
Ku-Band 


Levels 


—65 to +150°C 
5 Cycles 

—65 to +150°C 
500 g’s 

15 9's 

20,000 g’s 

10 Days 


Wrrareerraree 
197_|.207_} 5.00 | 5.26 
8 | 070 | 082 1,78 | 2,08 
c | 060 | .064 | 8 152 | 1,63 
1,5: 


f 7 | REF. 
- 0,30 


o 
E 
F 


MAXIMUM RATINGS @ 25°C 


(AT 25°C UNLESS OTHERWISE SPECIFIED) 


Incident RF CW Power 
incident RF Peak Pulse Power 
(3 ns pulse width, 1000 pps) 
Temperature Range: 
Operating 
Storage 


ELECTRICAL CHARACTERISTICS @ T, = 25°C 


Model 
Number 
MA-41222 
MA-41223 
MA-41224 Ku 
MA-41225 


Frequency 
Band 


S, X 


NOTES: 


Case 
Style 
100 
100 
100 
100 


20 UA. Test holder JD 2094. 
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Test Min. 
Frequency 


Video 
Impedance 
K ohm 
1.2-1.8 
1.2-1.8 
1.2-1.8 
1.2-1.8 


Tss' 
GHz -dBm 
9.375 55 
9.375 50 
16.0 52 
16.0 48 


100 mW 
2.0 W 


—65 to 150°C 
—65 to 150°C 


Min. 
Sensitivity 
mV/mW 
5000 
3500 
3500 
3000 


1. Video bandwidth is 2 MHz. Video amplifier equivalent noise resistance is 50092. Input impedance is 10 K&L. DC bias is 


RECEIVING DIODES 


X-Band MA- 41205 
S,X- Band MA-41206 
K-Band MA- 41207 


Point Contact Diodes for 
Motion Detector Applications 


DESCRIPTION 
This series of detector diodes is designed specifically to give maximum sensitivity in zero IF systems such as CW doppler 
radars, police radars, braking systems, intrusion alarms and other motion detecting systems. These diodes are specifically 
characterized for low noise and high voltage sensitivity in the 1-10 KHz band without degrading burnout. 


CASE STYLES 3 54 100 
MA-41205, X-Band MA-41206 S & X Band MA-41207, K-Band 
tT mM-— B 
RADIUS B eo 
~ ae TYRICAL 
| A 1” .3nH 
pe Ea tiliey |! cor c,, = 08 pF 
p 
Pepa fines fon] 4+ 
, E TYPICAL 
L,= 1.0nH 
I Cc DIA. cP = 05 pF 


SPRING FIT {2 
ON DIODE [a] us | iss _| 


368 | 68 aise] 


Not to scale. 


ENVIRONMENTAL RATINGS PER MIL-STD-750 


MAXIMUM RATINGS @ 25°C 


Method Levels 

Incident RF CW Power 100 mw Temperature, Storage 1031 —65 to +150°C 
Incident RF Peak Pulse Power 5.0 W Temperature, Operating — —65 to +150°C 
(3 ns Max. pulse width, 1000 pps) Temperature Cycling 1051 5Cycles, —-65 to +150°C 
DC Current 5mA Shock 2016 500 g’s 
Vibration 2056 15 Q's 

Constant Acceleration 2006 20,000 g’s 

Moisture Resistance 1021 10 Days 


ELECTRICAL SPECIFICATIONS @ Ta= 25°C 


Test Frequency 10.525 GHz + 250 MHz AM Noise 2.22 V RMS Max. 5 - 300 Hz 
Conversion Loss 5.0 cB, typ. .22 mV RMS Max. 300 - 500 Hz 
vswr' 2.0 max. 


NOTES: amplifier with a voltage gain of 100,000 across the band 
4. Test Conditions: L. O. Power 1.0 mW 5Hz - 300 Hz (with a band reject filter at 120 Hz) or, 
R, =600 Ohms as the RMS voltage output of an amplifier with a voltage 
t gain of 1000 across the band 300 Hz - 5000 Hz. .5 mW 
of RF power is incident on the detector and sensitivity 


Holder: Modified JAN 105 


F = 10.525 GHz is approximate 800 mV /mwW. 
2. Fora system application, the absoulte noise in terms of dB 3. European motion detection frequencies are 9.4 GHz, 
below the carrier, in a given bandwidth is of little value. 9.8 GHz, 10.55 GHz, and 10.8 GHz. The MA-41205 and 
Hence, using a Gunn diode source, the AM noise is MA-41206 are designed for this band and are chosen on 


specified in terms of the RMS voltage output of an the basis of package style required. 
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Additional 
Point Contact | Y#F -Ku-Band 


Detector Diodes 


RECEIVING DIODES 


ELECTRICAL CHARACTERISTICS @ T, = 25°C 


Video 
Test in. Impedance 
Type Case Freq. in. K Ohm 
Number Style GHz in. ; Comment 


1N830 0.1 Rectification 
JAN 1N830A 0.1 efficiency 65% 

MA-4140 0.1 

MA-4815 0.1 

MA-4815A 0.1 

1N32 
JAN 1N32 

MA-4139 

MA-4142 

MA-4142A 

MA-417 


1N2102 
1N4379 
MA-408 : : dc bias 50uA 
1N1611 A ; dc bias 50uA 
MA-418 . f dc bias 50uA 


MA-461 - i: dc bias 50uA 
MA-4129 ; ‘ dc bias 50uA 
MA-418A ; i dc bias 50uA 
MA-452 : F de bias 50nA 
MA-4128 . f dc bias 50uA 


MA-408A ; : dc bias 50uA 
1IN1611A . : dc bias 50uA 
MA-452A ‘ ; dc bias 50uA 
MA-461A : . dc bias 50uA 
MA-418B : p dc bias 50uA 


MA-461B . . dc bias 50uA 
MA-408B . . de bias 50uA 
1N1611B 
MA-452B8 


MA-4116 


SELECTION GUIDE- SILICON SCHOTTKY DETECTOR DIODES 
IN HERMETIC PACKAGES 


Frequency 


MOM MOM ipli Stripti 
Glass Ceramic 186 sig 
Tss' 100 119 
—dBm 
a et et ee 


MA-40257 | MA-40209 
MA-40258 | MA-40210 


1. Video Bandwidth = 2 MHz. 
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SELECTION GUIDE-SILICON SCHOTTKY DETECTOR DIODES 
FOR STRIPLINE AND HYBRID 
INTEGRATED CIRCUITS 


137 81 185 
Stripline Beamlead 


RECEIVING DIODES 


MA-40036 


MA-40037 
MA-40038 
MA-40229 


MA-40221 
MA-40271 
MA-40239 


MA-40220 
MA-40270 
MA-40237 


MA-40222 
MA-40272 
MA-40243 


MA-40223 


n-type 
p-type 
Zero Bias 


MA-40175 n-type 
p-type 
Zero Bias 
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Schottky Barrier 
Diodes 


F or Bulletin 4250 
Detector 
Applications 


Zero Bias Detector Diodes 
n-type Detector Diodes 
p-type Detector Diodes 
Beam Lead Diodes 


Doppler Diodes 


Microwave Associates, Inc. 
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FEATURES: 


ZERO BIAS SCHOTTKY DETECTOR DIODES 
= Ultra low! /f noise 

® High sensitivity at zero bias 

® High resistance to burnout 


N-TYPE SCHOTTKY DETECTOR DIODES 


= Low '/f noise 
@ High Sensitivity (TSS) at low bias (20 nA) 
a 


P-TYPE SCHOTTKY DETECTOR DIODES 


® Low Wi noise 

@ High Sensitivity (TSS) at low bias (20 uA) 

® High Output Voltage Sensitivity 

= Opposite output voltage polarity to n-type diodes 
for specific applications. 


Zero Bias 
L through X-Band, MA-40230 Seri 
Schottky Detector | (vm “om ries 


Ku and Ka-Band, MA-40240 Series 


Diodes 


DESCRIPTION 


RECEIVING DIODES 


The MA-40230 and MA-40240 Series of diodes were designed for detector applications where high sensitivity is 
required, without the use of external bias supplies. These devices are oxide passivated Schottky barrier diodes and 
are available both in standard packages and in case styles suitable for use in hybrid-integrated circuits. 


MAXIMUM RATINGS @ 25°C ENVIRONMENTAL RATINGS PER 


Incident RF CW Power 100 mW MIL-STD-750 
Incident RF Peak Pulse Power 2.0W 

(3 ns Max. pulse width, 1000 pps) 
DC Forward Current 30 mA Temperature Storage —65 to +150°C 


Temperature: Temperature Cycle 5 Cycles 
Operating —65 to +150°C —65 to +150°C 


Storage —65 to +150°C Shock 500 g’s 
Vibration 15 g’s 
Constant Acceleration 20,000 g's 
Humidity 10 Days 


Level 


ELECTRICAL CHARACTERISTICS @ T, = 25°C Min.” 
Test Tangential Video Min.? 
Frequency Model Case! Frequency Sensitivity Resistance Sensitivity 
Band Number Style GHz K ohm mV/mW 
——ooeeeeeeEeeEoeoeEeeEeEeeeeeeeeeeeeeeeeeeeeeeeeeEeEeeeeeEeEe—e—e—eee——eeeee——eEeeeeeeeEeEeEeeeEeEeEeEeEeEeEeEeEeEeeEeeEeEeeE=SaQSEEESEESSSSS= 
L - through - X MA-40230 120 55 3.0 - 7.0 8000 
MA-40231 120 52 2.0 - 8.0 4000 
MA-40232 119 55 3.0 - 7.0 8000 
MA-40233 119 52 2.0 - 8.0 4000 
MA-40234 ; 54 55 3.0 - 7.0 8000 
MA-40235 54 52 2.0 - 8.0 4000 
MA-40236 121 5.0 typ. 8000 typ. 
MA-40237 135 5.0 typ. 8000 typ. 


MA-40240 120 52 4.0 - 8.0 6000 
MA-40241 120 49 3.0 - 4.0 3000 
MA-40242 119 52 4.0 - 8.0 6000 
MA-40243 135 52 typ. 6.0 typ. 6000 typ. 
MA-40244 119 49 3.0 - 9.0 3000 


MA-40248 119 49 4.0 - 10.0 4000 
MA-40249 120 34 49 4.0 - 10.0 4000 


NOTES: 


. 7 ° 
. Case Styles 119, 120 and 121 incorporate thermo-compression bonds. Maximum solder temperature for all case styles is 230°C for 
5 seconds. 


. Test Condition: Video bandwidth — 2 MHz; video amplifier noise resistance — 50022; Input impedance — 10 KQ; no bias. 


. Test Condition: RF signal power = —40 dBm. 


TYPICAL PERFORMANCE CURVES 


FIGURE 2 TYPICAL VOLTAGE OUTPUT VS. RF POWER 
FOR MA-40230 SERIES 


FIGURE 1 TYPICAL I -V CHARACTERISTICS 
ZERO BIAS SCHOTTKY DIODES 
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FIGURE 4 TSS (CALCULATED) VS. VIDEO BANDWIDTH 
FIGURE 3 TYPICAL TSS VS. FREQUENCY ‘ , 
MA-40230 SE RIES 
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SIGNAL FREQUENCY GHz 


1 
VIDEO BANDWIDTH MHz 
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N-Type Schottky 
Detector Diodes 


DESCRIPTION 


L through Ku-Band MA-40200 Series 


The MA-40200 series of thermo-compression bonded oxide passivated Schottky barrier detector diodes is offered in 
hermetically sealed packages. Other case styles suitable for use in hybrid integrated circuits are available. This series 
features highly sensitive, low barrier and bondable Schottky junctions. 


MAXIMUM RATINGS @ 25°C 


Incident RF CW Power 
Incident RF Peak Pulse Power 
(3 ns Max. pulse width, 1000 pps) 
DC Forward Current 
Temperature: 
Operating 
Storage 


100 mW 
2.0W 


30 mA 


—65 to +150°C 
—65 to +150°C 


ELECTRICAL CHARACTERISTICS @ Ty, = 25°C 


Schottky Barrier Detector Diodes' 
Frequency Model 
Band Number 


L - through - X MA-40201 
MA-40203 
MA-40202 
MA-40204 
MA-40207 
MA-40208 
MA-40205 
MA-40206 
MA-40215 
MA-40216 


Schottky Barrier Detector Diode Chips for Hybrid Circuits’ 


Model Chip 
Number Style 
X-Band 
MA-40220 135 
MA-40221 121 
Ku-Band 
MA-40222 135 


NOTES: 


Case’: 2 


Style 


119 
119 

54 

54 
120 
120 
119 
119 
120 
120 


Min.® 
Breakdown 
Voltage 
Volts 


- Schottky Barrier junctions thermo-compression bonded in 


Case Styles 119, 120, 121. 


. Max. solder temperature for all Case Styles except 120 is 


230° C for 5 seconds. 


ENVIRONMENTAL RATINGS 
PER MIL - STD - 750 


Method Level 

Temperature Storage 1031 —65 to +150°C 
Temperature Cycle 1051 5 Cycles 

—65 to +150°C 
Shock 2016 500 g’s 
Vibration 2056 15 g’s 
Constant Acceleration 2006 20,000 g's 
Humidity 1021 10 Days 


Min.>: 4 
Test Tangential Video* Min.* 
Frequency Sensitivity Impedance Sensitivity | 
GHz —dBm K ohm mV/mW 


9.3 1.2-1.8 5000 
9.3 1.2-1.8 3500 
9.3 1.2-1.8 5000 
9.3 1.2-1.8 3500 
9.3 1.2-1.8 5000 
9.3 1.2-1.8 3500 
16.0 — 1.2-1.8 3500 
16.0 1.2-1.8 3000 
16.0 1.2-1.8 3500 
16.0 1.2-1.8 3000 
Max.® Typ. Typ. 
Zero Voltage Forward Tangential 
Capacitance Voltage Sensitivity 
pF Volts 


3 


. Video bandwidth is 2 MHz. Video amplifier equivalent 
noise resistance is 500 {2 . Input impedance is 10 K 2. 

. OC Bias is 20 LA. 

. Breakdown voltage @ —10 LA. 

. Capacitance measured at 1.0 MHz. 

. Forward voltage is measured at 1 mA. 
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RECEIVING DIODES 


TYPICAL PARAMETER VALUES 


Case Styles 54 119 


Package Capacitance — C. .05 pF .15 pF 
Package Inductance — L. 1nH -5nH 
Series Resistance — Re 252 252 
Junction Capacitance — Cc. .07 pF .07 pF 


CASE STYLES 
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{Vg} VOLTAGE OUTPUT 


£ 
2 
s 
¢ 
> 
= 
> 
ies 
a 
2 
w 
a 
4 
< 
2 
Q 
a 
a 
< 
e 
z 
ivy] 
~) 
2 
@ 
e 
2 


TYPICAL PERFORMANCE CURVES 


TYPICAL VOLTAGE OUTPUT VS. RF POWER FOR MA-40200 SERIES 
(20 uA FORWARD BIAS) 


f = 9.375 GHz 

2 = 502 

HOLDER = JD2078 (502 7MM AIR-LINE) 
NO TUNING 


100 KQ LOAD 


-35 -30 -25 
POWER INPUT 


TSS VS. FREQUENCY 
FOR MA-40200 SERIES 
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TYPICAL TSS VS. DC BIAS LEVEL 
FOR MA-40200 SERIES 


BW = 2 MHz 
FREQ. = 9.375 GHz 


(TSS) TANGENTIAL SIGNAL SENSITIVITY ~aBm 


10 20 30 40 50 60 70 
FORWARD DC BIAS = MICROAMPS 


(Vg) VOLTAGE OUTPUT 


OHMS 


(Ry) VIDEO IMPEDANCE 


TYPICAL VOLTAGE OUTPUT VS. RF POWER (NO BIAS) FOR MA-40200 SERIES 


f = 9.375 GHz 

25 = 502 

HOLDER = JD2078, (5082 7MM AIR- LINE) 
NO TUNING 


100 k2 Load 
10 kQ Load 


1kQ Load 


-25 -20 -15 -10 5 
POWER INPUT dBm 


TYPICAL VIDEO IMPEDANCE VS. FORWARD DC BIAS 
FOR MA-40200 SERIES 


5 7 10 20 3 50 70 100 
OC BIAS LEVEL MICROAMPS 


200 300 500 


RECEIVING DIODES 


Additional 
N-Type Schottky 
Detector Diodes 


DESCRIPTION 


S through Ku-Band 


This series of Schottky barrier diodes is offered in a hermetically sealed glass, ceramic, and Kovar glass package and 
designed for use in applications where noise figure and high reliability are important criteria. Each device is RF charac- 
terized for use within a specific frequency band. All diodes in this series offer wide dynamic range, and improved 
reliability, 
MAXIMUM RATINGS 
(@ 25°C, unless otherwise specified) 
Incident RF CW Power 


ENVIRONMENTAL RATINGS PER MIL-STD-750 


Method Levels 


S-Band 150 mW Temperature Storage 1031 See Max. Ratings 
X-Band 100 mw Temperature Operating = See Max. Ratings 
Ku-Band 60 mw Temperature Cycling 1051 5 Cycles, —65 to +150°C 
Reverse Voltage 3 Volts, Min. Shock 2016 500 g's 
Temperature: Vibration 2056 20 g’s 
Operating —65 to +150°C Constant Acceleration 2006 20,000 g’s 
Storage —65 to +175°C Humidity 1021 10 Days 


ELECTRICAL CHARACTERISTICS @ T, = 25°C 


Min." 2 
Test Tangential Video' 


Frequency Model Case Frequency Sensitivity Impedance 
Band Number Style GHz —dBm K ohm 
S  MA-40053 54 3.0 55 1-2 
MA-40052 54 3.0 50 1-2 
X  MA-40073 54 10.0 52 1- 
MA-40072 1 
MA-40025 1 
1 


2 
2 
H 2 

MA-40024 100 3.0 50 -2 

X = MA-40027 100 10.0 52 1-2 
MA-40026 100 10.0 50 1-2 

Ku MA-40029 100 16.0 52 1-2 
MA-40028 100 16.0 48 1-2 

s MA-40040 3 3.0 50 1-2 
1-2 

1-2 

1-2 


MA-40041 3 3.0 55 : 
ee 
Xx MA-40042 3 10.0 50 


MA-40043 


NOTE: 


1. Bias = 30 UA 
2. Video bandwidth is 2 MHz. Video amplifier equivalent 
noise resistance is 500( . Input impedance is 10 KQ.. 
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TYPICAL PERFORMANCE CURVES oy Melts 


Yin Watt "= Temperature for MA-40027 at 10 GHz 


Video Resistance vs. Temperature fer MA-40027 


RECEIVING DIODES 


40 60 «80 «6100 120 140 
TEMPERATURE °C 


Voltage Out vs. RF Power in for MA-40027 at 10 GHz 
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VIDEO RESISTANCE = Kx: 


VOLTAGE OUT . mV 


TEMPERATURE °C 


Detector Diedes Neise Ratio vs. Video Frequency ia KHz 


Typical RF Impedance ef MA-40027 in Heider JD-2097 
(Power = —30 dBm) Refereaced to 50 + 10 chms 


VIDEO FREQUENCY KHz 


Diode Neise Ratio vs. iF Frequency 
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P-Type Schottky L through X-Band, MA-40251 Series 
Ku-Band, MA-40255 Series 
Detector Diodes | a-Band, MA-40267 Series 


DESCRIPTION 

The MA-40250 series of thermo-compression bonded oxide passivated Schottky barrier detector diodes is offered 
in hermetically sealed packages. Other case styles suitable for use in hybrid integrated circuits are available. These 
p-type devices feature high sensitivity, low barrier height and low 1/F noise Schottky junctions. (P-type Schottky 
diodes generally exhibit lower 1/F noise than N-type diodes.) 


MAXIMUM RATINGS @ 25°C ENVIRONMENTAL RATINGS PER 
MIL-STD-750 
Incident RF CW Power 100 mW Method Level 
Incident RF Peak Pulse Power au Temperature Storage 1031 ~—65 to +150°C 
(3 ns Max. pulse width, 1000 pps) Temperature Cycle 1051 10 Cycles 
re Forward Current 20 mA —65 to +150°C 
emperature: Shock 2016 500 g’s 
. fe] 
Operating ~65to H150°C | vi ation 2056 15 g's 


Storage ~65 to +150°C | Constant Acceleration 2006 20,000 g’s 
Humidity 1021 10 Days 


ELECTRICAL CHARACTERISTICS @ T, = 25°C macs 


Schottky Barrier Detector Diodes’ Test Tangential Video* Min.* 
Frequency Model Case? Frequency Sensitivity Impedance Sensitivity 
Band Number Style GHz —dBm K ohm mV/mW 


L - through - X MA-40251 119 9.3 55 1.2-1.8 5,000 
MA-40253 119 9.3 52 1.2-1.8 3,500 

MA-40252 54 9.3 55 1.2-1.8 5,000 

MA-40254 54 9.3 52 1.2-1.8 3,500 

MA-40257 120 9.3 55 1.2-1.8 5,000 

MA-40258 120 9.3 52 1.2-1.8 3,500 
MA-40255 119 16.0 52 1.2-1.8 3,500 

MA-40256 119 16.0 50 1.2-1.8 3,000 

MA-40265 120 16.0 52 1.2-1.8 3,500 

MA-40266 120 16.0 50 1.2-1.8 3,000 


Ka MA-40267 119 36.0 49 1.0-2.0 3,000 
MA-40268 120 36.0 49 1.0-2.0 3,000 


Schottky Barrier Detector Diode Chips for Hybrid Circuits 
Min.® Max.® Typ.’ Typ. 
Breakdown Zero Voltage Forward Tangential 
Frequency Model Case Voltage Capacitance Voltage Sensitivity 
Band Number Style Volts pF Volts —dBm 


x MA-40270 135 11 ; 55 
MA-40271 121 .22 : 55 
MA-40273 185 20 - : 55 


MICROWAVE ASSOCIATES, INC. surtincton. MASSACHUSETTS 


Min.® 
Breakdown Zero Voltage Forward Tangential 
Model Case Voltage Capacitance Voltage Sensitivity 
Number Style Volts pF Volts 


MA-40272 135 4 08 4 
MA-40274 185 4 15 4 


RECEIVING DIODES 


. Schottky Barrier junctions thermo-compression bonded in Case Sty!es 119, 120, 121. 


. Max. solder temperature for all Case Styles except 10 is 230°C for 5 seconds. 
For Case Style 120, max. solder temperature is 200 C for 5 seconds. 


. Mideo bandwidth is 2 MHz. Video amplifier equivalent noise resistance is 500 2 
tnput impedance is 10KQ. DC Bias is 20MA. 


ji Par = -40 dBm; DC Bias: 20 UA 


. Breakdown voltage is measured at — 10 LA. 
. Capacitance is measured at 1 MHz. 
- Forward voltage is measured at + 1 MA. 


TYPICAL PARAMETER VALUES 
Case Styles 54 


Package Capacitance - Cp .05 pF 
Package Inductance - Lp 1 nH 
Series Resistance - Rs 252 


Junction Capacitance-Cj .08 pF 08 pF .08 pF 
CASE STYLES 
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TYPICAL PERFORMANCE CURVES 


TYPICAL VOLTAGE OUTPUT VS. RF POWER FOR MA 40250 SERIES 
(20 LA FORWARD BIAS) 


t= 9.375 GHz 
Zq = 5082 


HOLDER = 302078 (502. 7mm AIR-LINE) 
NO TUNING 


100 K2 LOAD 


10KQ LOAD 


“ 
2 
° 
3 

< 


1KQ LOAD 


(V9) VOLTAGE OUTPUT 


~40 -35 ~-30 -25 ~-20 -15 
POWER INPUT dBm 


TSS VS. FREQUENCY 
FOR MA 40250 SERIES 
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TYPICAL TSS VS. DC BIAS LEVEL 
FOR MA 40250 SERIES 


BW = 2 MHz 
FREQ = 9.375 GHz 


dBm 
| 

oa 
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r OPTIMIZED 


? 
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{Vg) VOLTAGE OUTPUT 
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TYPICAL VOLTAGE OUTPUT VS. RF POWER {NO BIAS) FOR MA 40250 SERIES 


10V 
f = 9.375 GHz 
2, = 5082 


HOLDER = J02078, (5092 7MM AIR-LINE) 
NO TUNING 


100 KI2 Load 
10 KQ Load 


1K2 Load 


—-25 -20 -15 -10 -§ 
POWER INPUT dBm 


TYPICAL VIDEO IMPEDANCE VS. FORWARD DC BIAS 
FOR MA 40250 SERIES 


OHMS 
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(Ry) VIDEO IMPEDANCE 
w ey 
8 8 
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7 10 20 30 5070 100 200 300 §00 
DC BIAS LEVEL MICROAMPS 


Beam Lead Schottky 


Detector Diodes 


CASE STYLE 185 


eee THICK 
0076 .0127 (GOLD LEADS! 


KEY 
cm 


Ku-Band MA-40175 


MAXIMUM RATINGS @ 25°c 


Incident RF CW Power 100 mw 
Incident RF Peak Pulse Power 2W 
(3 ns Max. pulse width, 1000 pps) 


Operating Temperature Range —60°C to +150°C 
Storage Temperature Range —60°C to +150°C 
Maximum Pull On Any Lead 2 grams 
Diode Mounting Temperature 220°C for 10 sec. max. 


DIE 
THICKNESS 


ELECTRICAL CHARACTERISTICS @ T, =25°¢C 


Diode 


MA-40175 
Ku-Band 
Detector 


T ypical 
Parameter Symbol Value Units Test Conditions 


Tangential Sensitivity TSS 55 —dBm 25 UA Bias 
Detection Sensitivity Y 7000 mV/mWw Video Bandwidth 2 MHz 


Video Impedance Ry 1400 Ohms f = 9.375 GHz 


TYPICAL PERFORMANCE CURVES 


Figure 1. Typical Forward Characteristics Figure 2. Typical Forward Characteristics 
Low Barrier Diodes Medium Barrier Diodes 


100 T i =] 


RECEIVING DIODES 


Low Noise Schottky Detector 
for Zero IF Systems 


CASE STYLE 


MA-40074 
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MAXIMUM RATINGS @ 25°C ENVIRONMENTAL RATINGS PER MIL-STD-750 


Method Levels 
—65 to +150°C 
Incident RF CW Power Temperature, Storage 1031 65 to : 
: Temperature, Operating — —65 to +150°C 
Incident RF Peak Pulse Power 3 a 
3 Temperature Cycling 1051 5 Cycles, —65 to +150°C 
(3 ns Max. pulse width, 1000 pps) ; 
Shock 2016 500 g's 
DC Current ae ' 
Vibration 2056 15 q's 
Constant Acceleration 2006 20,000 g's 
Moisture Resistance 1021 10 Days 


ELECTRICAL SPECIFICATIONS @ Ty, = 25°C 


Frequency Range 10.525 GHz + 250 MHz 
Conversion Loss’ 5.0 dB Typ. 


vswrR’! 2.0:1 Max. 


AM Noise? .22 V RMS Max. 5 - 300 Hz 
.22 mV RMS Max. 300 - 5000 Hz 


NOTES: 


1. Test Conditions: L.O. Power 1.0:mW 
R L 100 ohms 
Holder-modified JAN 105 
F = 10.525 GHz 
» For asystem application, the absolute noise in terms of dB below the carrier, in a given bandwidth is of little value. Hence, 
using a Gunn diode source, the AM noise is specified in terms of the RMS voltage of an amplifier with a voltage gain of 
100,000 across the band 5 Hz - 300 Hz (with a band reject filter at 120 Hz) or, as the RMS voltage output of an amplifier 
with a voltage gain of 1000 across the 300 Hz - S000 Hz. .5 mW of RF power is incident on the MA-40074 and 
sensitivity is approximate 800 mV/mW. 
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Detector 

Modules 
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Packaged Bulletin 5152 
Detectors 
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Tunnel Diode Detectors 
Schottky Detectors 
Zero Bias Schottky Detectors 


Schottky Limiter|Detectors 


Microwave Associates, inc. 


TUNNEL DIODE DETECTORS 


= Lowest variation in output response with temperature 
® High Sensitivity (TSS) with no external bias applied 
= Lowest video impedance for wide video bandwidth and for matching to transistor amplifiers 


STANDARD SCHOTTKY DETECTORS 


m™ High Sensitivity (TSS) at low bias level (100 A) 
@ Highest output voltage sensitivity 
@ High Power Handling, CW and Pulse Peak Power 


ZERO BIAS SCHOTTKY DETECTORS 


® High Sensitivity (TSS) with no external bias applied 
® High Power Handling, CW and Pulse Peak Power 
=™ High output voltage sensitivity 


COMPARISON OF GENERAL CHARACTERISTICS OF THE THREE DETECTOR TYPES! 


Standard Zero Bias 
Tunnel Diode Schottky Schottky 
Parameter Detector Detector Detector 
——OOoRO [Te 
RF Impedance 35-70 22 200—400 22 200—400 82 
(Diode) @ 100 LA Bias 


a ra PS aD a 
Video Impedance 70—125 Q 1000—2000 {2 1500—3000 {2 
CW Power Rating +17dBm +20 dBm +18 dBm 


Peak Power Rating + 20 dBm +23 dBm + 23 dBm 
0.1 pSec, .001 Duty Cycle 


TSS, dBm, (2 MHz —50 to —53 —50 to —53 —51 to —53 
Video Bandwidth) @ 100 WA Bias 


K (Open Circuit 400 to 1500 1000 to 3500 1000 to 3000 
Voltage Sensitivity) 
mV/mW @-20dBm | 
eee 
VSWR2 1.5:1 to 3:1 2:1 to 5:1 2:1 to 5:1 
SSS 
Operating —65 to +125° —65 to 125°C —20°C to 125°C 
Temperature Range (with slight Bias 
—65 to +125°C) 
CW Saturation 0 to +5 dBm > +20 dBm 
eee 


NOTES: 


1. These performance ranges are typical and depend upon 


2. VSWR depends on bias conditions, DC load resistance 
RF Bandwidth and input RF Power level. 


and RF output impedance of the signal source. 


Octave Bandwidth 
Tunnel Diode Detectors 


DESCRIPTION 


MA-7700 Series 


The MA-7700 Series of Tunnel (back) Diode Detectors offers greater than octave bandwidth frequency response 
with excellent voltage sensitivity. These detectors function with a dynamic range of 50 dB with —52 dBm TSS. Burnout 
rating is +20 dBm. A square law characteristic is maintained for power !evels below —19 dBm. Linear response is 
between —10 dBm and +5 dBm (saturation). 


CASE STYLES 


828 3 MM FEMALE VIDEO 
OUTPUT CONNECTOR 


DIA. 


ADIA, 
3 MM FEMALE VIDEO 
OUTPUT CONNECTOR 


3 MM MALE RF INPUT 


CONNECTOR ap ! 


} 


3 MM MALE RF INPUT 
CONNECTOR 


_— \ 
= 
==! 


Pa [ozs lose Y7s7 [ec 
[| 1.997 ]2.187 fo.20 _[ss.55 


Not to scale. 


ELECTRICAL CHARACTERISTICS @ Ta= 25°C 
Min. Open Max. Min. 


Circuit Voltage VSWR Frequency TSS @ 
Frequency Sensitivity at @-—20dBm Response 2 MHz Video 
pode as Range -20dBm 10092Video (Flatness) Bandwidth 
Bente Style GHz _mV/mW Load dB —dBm 


MA-7700K-0001 831 0.5—2.0 700 2:1 +0.7 52 


MA-7700K-0002 831 2.0—4.0 700 2:1 +0.5 52 
MA-7700K-0003 831 4.0—8.0 600 2.5:1 +0.7 52 
MA-7700A-0004 828 8.0—12.0 700 2:1 +0.5 52 
MA-7700A-0005 828 11.0—18.0 500 2:1 +0.7 52 

NOTES: 

1. Custom designs available on request. 3. Output polarity is normally negative. (Positive output 

2. Tunnel Diode Detector Modules and Tunnel Diode Limiter/ polarity is available on request.) 


Detectors are under development and will be available in 
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RECEIVING DIODES 


Schottky Detector Modules 
and Packaged Detectors 


DESCRIPTION 


MA-7707 Series 
MA-7709 Series 


The MA-7707 Series of modular Schottky detectors is especially designed to fit in microstrip, strip transmission line 
or other special TEM structures. When packaged, these Schottky detectors are designated MA-7709 Series. These 
hermetically sealed detectors have high voltage sensitivity and are deal for broadband applications. The usable 
power range is from TSS to +17 dBm. Above +17 dBm, the detector response becomes saturated. A wide variety of 
performance characteristics can be obtained by altering internal circuit configurations (transformations, de returns, 
etc.) and external operating conditions. Bias level, size of load, bandwidth, and power level are factors which affect 
overall performance. The electrical characteristics of the units listed here are representative of an extremely varied 
and extensive product line. 


CASE STYLES 
Stripline Detector Modules 


a, 


Packaged Detector 
828 


3 MM FEMALE VIDEO 
OUTPUT CONNECTOR 


an 


3 MM MALE RF INPUT 
CONNECTOR 


[incnes | om 
Pa [ozs [ozs J 612 1 6.29 | 
pL Te | orasloiss | 316 | 3.43 | 
fc | | 0.527 | fos37 } 13,39 | | 13,64 | 
Co [aose Looe [150] 1.70_] [> | o0safooe7 | 150 | 170] Wot to scale. 


ELECTRICAL CHARACTERISTICS @ Ta= 25°C 


Circuit Voltage Frequency TSS @ 
Frequency Sensitivity at Response 2 MHz Video 
Range —20 dBm (Flatness} Bandwidth 
GHz mV/mW dB 


Packaged 
Detector 
Model 
Number 


Module 
Model 
Number 


Case 
Style 


MA-7707J-0003 
MA-7707N-0006 
MA-7707N-0008 
MA-7707N-0009 
MA-7707J-0012 
MA-7707J-0013 
NOTES: 


1. 100 MA forward bias. 


MA-7709A-0001 
MA-7709A-0003 
MA-7709A-0005 
MA-7709A-0007 
MA-7709A-0009 
MA-7709A-0011 


2. 


0.5—2.0 
2.0—-4.0 
4.0—8.0 
8.0—12.0 
12.0—18.0 
0.5—18.0 


1800 
2000 
2500 
2000 
1800 
1200 


Output polarity is normally negative. 
(Positive output polarity is avaitable on request.) 
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Zero Bias Schottky Detector Modules | 114-7742 Series 
and Packaged Modules MA-7744. Series 


DESCRIPTION 


RECEIVING DIODES 


The MA-7742 series of Zero Bias Schottky Detectors are modular in form. They are designed to fit in microstrip, 
strip transmission tine or other special TEM structures. They are designated MA-7744 series when packaged with 
connectors. The zero bias detector offers the advantage of high output voltage sensitivity without the need of 
external bias voltage. 


CASE STYLES 


Stripline Detector Packaged Detector 


bene 


__} 
a a 
pleat 4% We gar 


3 MM MALE RF INPUT 
CONNECTOR 


Not to scale. 


ELECTRICAL CHARACTERISTICS @ T, = 25°C 


Packaged Circuit Voltage Frequency TSS @ 
Module Detector Frequency Sensitivity at Response 2 MHz Video 
Model Case Model Case Range —20 dBm (Flatness) Bandwidth 
Number Style Number Style GHz mV/mw dB ~—dBm 


Min. Open Min. 


MA-7742J-0001 801 MA-7744A-0001 828 0.5—2.0 2000 +0.5 53 
MA-7742N-0005 802 MA-7744A-0003 828 2.0—4.0 2200 +0.5 53 
MA-7742N-0007 802 MA-7744A-0005 828 4.0—8.0 3000 +0.5 54 
MA-7742N-0009 802 MA-7744A-0007 828 8:0—12.0 2200 +0.5 52 
MA-7742N-0011 801 MA-7744A-0009 828 12.0—18.0 1800 +0.5 52 


MA-7742N-0012 801 MA-7744A-0012 828 0.5—18.0 1700 +1.5 51 
NOTES: 


1. Output polarity is normally negative. (Positive output 
polarity is available on request.) 


MICROWAVE ASSOCIATES, INC. surtincTon. massacHUseTTS 


All specifications are subject to change without notice. 
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MA-7717 Series 


Schottky Limiter/Detector Modules 
and Packaged Detector 


MA-7715 Series 


DESCRIPTION 
The MA-7717 Series of modular Schottky Limiter/Detectors is specially packaged for use in microstrip, strip trans- 
mission or other special TEM structures. When packaged with SMA connectors, these Limiter-Detectors are designated 
MA-7715 Series. These hermetically sealed Limiter-Detector modules have excellent voltage sensitivity and are ideal 
for broadband applications. The usable power range is from < ~50 dBm to +10 dBm. Above +10 dBm the limiter 
section protects the sensitive Schottky diode to +40 dBm CW and +60 dBm peak incident power. 


CASE STYLES 


Stripline Modules Packaged Module 


3 MM MALE RF INPUT 
CONNECTOR 


oe ae 


3 MM FEMALE VIDEO 
OUTPUT CONNECTOR 


| wenes [wm | 
pA | ozarfo2s: | 612 | 6.30 | 
[ 0.125 | [3.43 | 


Fons fos Pare] Pe | ons ois fae | 
Pe Toss Joss faze [asi | [Pe | osarfosar [ae | 1360 | 
[Po Loose [oe Piso [170 | [ef eorfoos ft 501 701 Nor to scale. 


Min. Open’ 


ELECTRICAL CHARACTERISISTICS @ Ta = 25°C 
Circuit Voltage Frequency -tss@ 


Modula Packaged ead Sensitivity Max. Response 9 yz Video 
Model Case Mode! Case ange @-20dBm VSWR (Flatness) Bandwidth 
Number Style Number Style GHz mV/mW @ —20 dBm dB 


MA-7717N-0001 802 MA-7715A-0001 828 0.5 — 1.0 1600 4:1 +,3 50 


MA-7717N-0002 802 MA-7715A-0002 828 1.0 — 2.0 1700 3.5:1 £.3 50 
MA-7717N-0003 802 MA-7715A-0003 828 2.0 — 4.0 2000 3.5:1 +0.5 50 
MA-7717N-0004 802 MA-7715A-0004 828 4.0 — 8.0 2500 4:1 +0.5 51 
MA-7717N-0005 802 MA-7715A-0005 828 8.0 — 12.0 2000 4: +.75 49 
MA-7717N-0006 802 MA-7715A-0006 828 12.0 — 18.0 1400 4:1 +1.0 48 
MA-7717N-0007 802 MA-7715A-0007 828 2.0 — 12.0 1200 4:1 +1.5 48 
MA-7717N-0008 802 MA-7715A-0008 828 6.0 — 18.0 1200 4:1 +1.5 48 
MA-7717J5-0009 801 MA-7715A-0009 828 2.0 — 18.0 1200 4:1 +1.5 47 
NOTES: 


1. Bias is typically 200i Amps for low frequency units, 1502 Amps for S and C Bands, and 100 Amps for X and Ku Bands. 
2. Above bias is typical, but can be optimized for best VSWR and Open Circuit Voltage sensitivity. 
3. Output polarity is normatly negative. (Positive output polarity is available on request.) 


All specifications are subject to change without notice. 
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Tunnel Diodes 
(Back Diodes) 
For 

Mixer 

And 

Detector 
Applications 


Bulletin5050 


n-Type Germanium Doppler Mixer Diodes 
p-Type Germanium Detector Diodes 


p-Type Gallium Arsenide Detector Diodes 


Microwave Associates, Inc. 
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GENERAL BACK DIODE CHARACTERISTICS 
MA-41807 — 41817 Series (n-type) 


Mixer: 

@ Lowest IF (@ 1 kHz) noise figure at low L. O. drive. 

s Able to withstand High incident RF power without degrading !F properties. 
® Operation up to 150°C 

® High resistance to radiation damage 


MA-4C400 Series (p-type) 


Detector: 


Lowest variation in output response with temperature 

High sensitivity at zero bias 

Lowest output impedance for:wide video bandwidth and for matching to transistor amplifiers. 
High resistance to radiation damage 


DESCRIPTION 


Microwave Associates Back Diodes are alloyed-junction devices designed for use in microwave mixer and detector 
applications at frequencies through Ku-band. A wide range of package styles is available to permit the selection of an 
optimum unit for specific applications in waveguide, coaxial, and stripline transmission systems. These diodes exhibit 
order-of-magnitude improvements in receiver noise figure for mixer systems utilizing low !F frequencies. Excellent 
video detector and power monitor performance can be achieved with these diode types. The MA-41807 - MA-41817 
diodes have been space-qualified for operating temperatures up to 150°C. 


n-Type Back Diodes | Doppler Mixer Diodes 
Germanium Detector Diodes 


CASE STYLES 8 TYPICAL rs ae 


L, =:30nH fs uefa Foor [ans] 
= 0.3 pF 


RECEIVING DIODES 


TYPICAL 


eee bed for [2st | 


4,191 


@ Denotes Cathode End Not to scale, 


MAXIMUM RATINGS @ Ta = 25°C ENVIRONMENTAL RATINGS PER MIL-STD-750 
(unless otherwise specified) 

Method Levels 

Incident CW RF Power 0.5 watt Temperature, Storage 1031 See max. Rating 

DC Current 5.0 mA Temperature, Operating - See max. Rating 

Operating Temperature —65°C to +150°C 10 cycles 

—65°C to +150°C Temperature Cycling See max. Rating 

Shock 1200 g's 

Vibration 20 g's 

Constant Acceleration 20,000 g's 

Humidity 10 days 


Storage Temperature 


ELECTRICAL CHARACTERISTICS 


Mixers NB; 1 
RF Test Conversion Max Typ. IF 


Mode! Frequency Noise Figure’ Impedance 
Number GHz dB Ohms 


ee 
ll aaaaaaaEaEeaeEeaEaeaEe=Eoa=a=~=EES==eesSs=SS=S=SQIQQ 


14.0 
12.0 
10.0 
14.0 
12.0 
14.0 
12.0 
10.0 


MA-41807 9.375 
MA-41808 9.375 
MA-41816 9.375 
MA-41809 13.3 
MA-41810 13.3 
MA-41811 13.3 
MA-41812 13.3 
MA-41817 13.3 


CM nMwWMOANnN NN 


NOTES: 2. Alt units are available as matched pairs by adding the 
1. Conditions: IF = 10 kHz suffix ‘’M’! to the model number. Matching criteris for 


Pio = —10 dBm, dc Joad = 10 ohms, pairs: 


(F Frequency = 10 kHz ; AL. = .3d8 max. 
VSWR (max.) = 2.0:1 in holder, 1F Amplifier Noise 
Figure = 1.5 dB Nominal. Az, = 25 ohms max. 


MICROWAVE ASSOCIATES, INC. BuRLINGTON. MASSACHUSETTS 


ELECTRICAL CHARACTERISTICS (CONT.) 
Detector Diodes 


Typ. 

RF Test Video Typ. Min. 

Model * Case Frequency Impedance Sensitivity TSS? 
Number Style GHz Ohms mV/mW —dBm 
=——_—aaNSSSSSS SSS rs, 

MA-41820 32 13.3 1500 4000 55 

MA-41819 158 9.375 1500 4000 55 

MA-41813 32 8.375 1500 4000 55 
a 


NOTE: 
3. Video Bandwidth = 2 MHz. 


TYPICAL PERFORMANCE CURVES 


FIGURE 1, MA-41817 DOPPLER NOISE FIGURE vs. INTERMEDIATE FREQUENCY 


RF TEST FREQUENCY = 13.3 GHz 


NOISE FIGURE dB 


0dBm ae 


os 


INTERMEDIATE FREQUENCY kHz 


FIGURE 2 MA-41817 DOPPLER 
NOISE FIGURE vs.L O FREQUENCY 


Pig =—10dBm 
F,- = 10 kHz 


FIGURE 3 MA-41817 A NF vs. TEMPERATURE 


RF TEST FREQUENCY © 13.3 GHz 
IF TEST FREQUENCY = 10 kHz 
LO POWER = -10 d8m 


NOISE FIGURE 4B 


12 
FREQUENCY GHz 


0 
TEMPERATURE °C 


FIGURE 4 MA-41817 IF IMPEDANCE vs. LO POWER 


RF TEST FREQUENCY = 13.3 GHz 
R, OC = 10 OHMS 


LO POWER dBm 
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p-Type Back Diodes Germanium, MA-4C400 Series 
Gallium Arsenide 


Germanium and Gallium Arsenide| 4-4¢850 Series 


CASE STYLES 


RECEIVING DIODES 


182 - TYPE B 


ADIA. 
32- TYPE A TYPICAL ee ae 
L =0.3 nH 
c = 0.3 pF 


oe 


1 


~— oA. =e 


183 - TYPE C 


CERAMIC 
CYLINDER 


TYPICAL 
189 - TYPE D1 L, = 0-1nH 
C, = 0.36 pF 


arses : 
[Toor | 0000 f17e [220] i 7 t 
8 [ecw | oro] : 

= [os | o 
[000 |] t 


wm [ee [ooes Torco fase [25] bo — 5 —olgf 


TYPICAL 191 - TYPE D2 
bo ) See Note 3. 
c= 


a ee . oan et 
2 | A [oor | coe [108 | 200 | 
pe | oof - fos: f - | 
L-c_| 0926] 0030 Toor ore | 
To | oor] oor fore {ose _ | 
pe | oo} - forw [| 
Ls [oo17 [027 Joes [oe | Le Joos [occa Fi22 [150 _| 

A. 


TYPICAL 


Se 
LF [oo | ose [1.22 [1.50] 


@ Denotes Cathode End : Not to scale. 
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MAXIMUM RATINGS @ Ta= 25°C ENVIRONMENTAL RATINGS PER MIL-STD-750 


(unless otherwise specified) 


Method Levels 


Incident CW RF Power 20 mw Temperature, Storage 1031 See max. Rating 
Operating Temperature —65°C to +100°C Temperature, Operating — See max. Rating 
Storage Temperature —65°C to +100°C 10 cycles 
Temperature Cycling 1051 See max. Rating 

Shock 2016 1200 g’s 

Vibration 2056 1200 g's 

Constant Acceleration 2006 20,000 g’s 


Humidity 1021 10 days 


ELECTRICAL CHARACTERISTICS @ Ta= 25°C 
Germanium Back Diodes Gallium Arsenide Back Diodes 

Max. Max. Max. Typ. Max. Max. Max. Typ. 
Vv MA 


MA-4C400 GBDX25 = 25 160 1.0 330 MA-4C850 ABDX25 25 300 2.5 675 


MA-4C401 GBDX50_—s: 500 140 1.0 350 MA-4C851 ABDX50_ ~—s 50 260 2.5 700 
MA-4C402.  GBD100 100 120 1.0 375 MA-4C852 ABD100 100 225 2.0 725 
MA-4C403. GBD250 250 #100 1.0 390 MA-4C853. = ABD250 250 200 =1.5 750 
MA-4C404 GBD400 400 100 1.0 390 


MA-4C405 GBD500 
Add Suffix “A”, “B”’ 
NOTES: 


1.0 
“C","D", "D1", “D2”, or “188” after part number to specify case style. 


1. Max. DC Current 2. Definitions: Ve measured at I, =3mA 
Germanium: 50 MA (or 2 x !p whichever is greater) V ., Measured at | = | 
Gallium Arsenide: Forward Current (1) must be restricted R P 
to a value in milliamps equal to or 3. Case parasitics are dependant on Chip Mounting Configuration. 


less than one half the junction 
capacitance in pf. 


TYPICAL MEASURED VALUES — GERMANIUM BACK DIODES FOR VIDEO DETECTORS 


Figure Output 


Test Tangential* of Merit Video Saturation 
M/A KMC Frequency Sensitivity Y ¥ Resistance Voltage 
Type Type GHz —dBm mV/mWw /\/Rv Ohms mV 


2 6000 250 500 180 
MA-4C401 GBDX50A 4 53 3000 130 500 180 
8 50 1500 65 500 180 


2 2600 180 200 190 
MA-4C402. =GBD100A 4 54 2200 150 200 190 
8 52 1000 70 200 190 


2 925 100 80 
MA-4C403. GBD250A 4 52 850 95 80 250 
8 52 850 95 80 250 


*Calculated — B= Bandwidth (2 MHz) 
Piss = =—_ v_BF x 1077 mw F= Noise Figure (3 dB) 


M= Figure of Merit 
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TYPICAL PERFORMANCE CURVES FIGURE 2 
OUTPUT VOLTAGE vs. INPUT POWER 


1000 


FIGURE 1 TYPICAL BACK DIODE CURRENT-VOLTAGE 
CHARACTERISTIC 
MA4C403 ys 
f- 
aa 


-60 Hf -40 -30 -20 
FIGURE 3 INPUT POWER dBm 
BACK DIODE OUTPUT VOLTAGE 


CHARACTERISTIC vs. FREQUENCY FIGURE 4 
MA-4C404 BACK DIODE OUTPUT VOLTAGE 


CHARACTERISTIC vs. TEMPERATURE 
MA-4C404 


RECEIVING DIODES 


OUTPUT OPEN CIRCUIT VOLTAGE mV 


= 
t=) 


ao 


RF POWER = -20 dBm 
BROAD BAND HOLDER 


OUTPUT OPEN CIRCUIT VOLTAGE mV 
Vout MILLIVOLTS 


_ 
ao 


3 4 5 


FREQUENCY GHz a) Frequency = 9.375 GHz 


b) Ry = 10K 
c) Fixed Tuned Det Mount 


6) 20 40 60 80 
“TEMPERATURE °C 


All specifications are subject to change without notice. 
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Schottky 
Barrier Diodes 
for Frequency 
Up-conversion 
Applications 


Upconverter Diodes 


Modulator Diodes 
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STRIPLINE SCHOTTKY UP-CONVERTER DIODES 

DESCRIPTION 

These Stripline Schottky Up-Converter Diodes are made with bonded planar passivated Schottky junctions, designed 
specifically for high conversion efficiency in up-converter applications. The diodes are packaged in a miniature 


stripline package with a plastic coating which protects the diode from mechanical abrasion. It is designed for MIC, 
stripline and microstrip circuit usage from 100 MHz through X-band. 


STRIPLINE SCHOTTKY MODULATOR DIODES 
DESCRIPTION 
These Stripline Schottky Modulator Diodes are made with bonded planar Schottky junctions. The small junction 


capacitance and low series resistances are designed specifically for high conversion efficiency in modulator applications. 
The diodes are packaged in a miniature stripline package with a plastic coating which protects the diode from 


mechanical abrasion. It is designed for MIC, stripline, and microstrip circuit usage from 100 MHz through X-band. 


PACKAGE DESCRIPTION 


Case Style 137 is a stripline package with gold-plated Cu leads. The leads provide a good transmission line up to the 
diode which is in series with the line. The package is designed for use from 100 MHz through X-band. The leads can 
be soldered per MIL-STD-202, method 208, with maximum solder temperature of 230°C for 5 seconds. 


Stripline Schottky 
Up-Converter Diodes 


CASE STYLE 137 


MA-40060 Series 


RECEIVING DIODES 


L. =.1nH 
p 

C_=.2 pF 
. p 


MAXIMUM RATINGS @ T, = 25°C 


Incident RF CW Power 100 mW Temperature: 

Incident RF Peak Pulse Power 2.0 Watts Operating —65 to +125°C 
(3 ns Max. pulse width. 1000 pps) Storage -65 to +125°C 

DC Forward Current 50mA 


TYPICAL ELECTRICAL PARAMETERS 


All Models 
Package Capacitance (C,) .2 pF Junction Capacitance (C,) 
: : p j 
Series Resistance (R.) 102 Breakdown Voltage @ —10 HA (V,) 


ELECTRICAL CHARACTERISTICS @ T, = 25°C 


: Test Max. usuc ' 
Model Case Frequency Loss 
Number Style GHz dB 


MA-40061 137 6.0 9.0 
_MA-40062 137 6.0 10.0 


NOTES: 


USUC= Upper Sideband Upconverter 
Carrier power = + 10 dBm; signal ports terminated with 502. 
az 
All units available as matched pairs by adding suffix “M”. Matching criteria: A (usuc loss) = .3 dB 
Test Conditions: USUC loss is the ratio of pump power to output power at the upper sideband. 
Pump Power = +13 dBm 


IF Signal Power = +15 dBm 


MICROWAVE ASSOCIATES, INC. BURLINGTON, MASSACHUSETTS 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 INPUT VSWR, PUMP PORT VS. PUMP POWER, FIGURE 2 MA-40061 USUC LOSS VS. IF INPUT POWER, 


MA-40061 SINGLE DIODE UP-CONVERTER 
3.0, 


28 fpymp = 5.5 GH? 
fig = 0.5 GHz 
26 . Zo = 502 


+13 d8m PUMP POWER 
24 : a 


dB 


+10 dBm 


INPUT VSWR PUMP PORT 
uYSUC LOSS 


6 al +? 


(F POWER 
PUMP POWER gBm 


FIGURE 3 MA-40061 USUC LOSS VS. IF INPUT POWER, 
BALANCED UP-CONVERTER, 5082 SYSTEM 


tpump © 6.0 GHz 
tig = 70 MHz 


Pump ) = 2008 
UPPRESSION. 


29 = 5082 


USUC LOSS 4B 


+15 dBm PUMP 


+10 
tF POWER dBm 


APPLICATION NOTES 


A balanced up-converter may be thought of as a balanced mixer “operated backwards.” The IF bandwidth of the 
balanced structure must be wide enough to pass the input signal that is to be up-converted. Up-conversion generally 
implies that the pump-to-sideband separation is relatively large. Pump suppression is the result of microwave structure 
symmetry, diode matching and of optimum pump and signal power levels. 


\f the input signal is small, compared to the pump power, then the frequency conversion process is linear and the mixer 
structure is effectively being operated backwards. The more usual applications call for relatively high output power at 
the upper sideband. Because high signal and pump powers are required to obtain the required sideband power, special 
Schottky diodes are constructed for this application. 


Typical performance curves show pump port VSWR vs. pump power (Figure 1), USUC (Upper Sideband Up-Converter) 
loss for a single diode up-converter (Figure 2), and for a balanced up-converter (Figure’ 3). Harmonic content and 
- pump suppression are functions of the up-converter circuit design and of the signal-to-pump power ratio, which must be 
optimized empirically. 


All specifications are subject to change without notice. 
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Stripline Schottky 
Modulator Diodes 


MA-40080 Series 


RECEIVING DIODES 


CASE STYLE 


TYPICAL 
L._=.1nH 
p 


C_=.2pF 
a p 


MAXIMUM RATINGS @ T, = 25°C 
RF CW Power 100mW | Temperature: 
RF Peak Pulse Power 2,0 Watts Operating -65 to +125° Cc 
' Storage -65 to +125 C 
(3 ns pulse width 1000 pps) 
DC Forward Current 50 mA 


TYPICAL ELECTRICAL PARAMETERS 


All Models 


Package Capacitance (C,,) .2pF | Junction Capacitance (C;) 
Series Resistance (R.) 102 | Breakdown Voltage @ —10 pA (V,) 


ELECTRICAL CHARACTERISTICS @ Ta = 25°C 


Test 
Model” Case Frequency 
Number Style GHz 


MA-40081 137 6.0 
MA-40082 137 6.0 


NOTES: 
. SSB = Single Sideband 
. Carrier power = +10 dBm, signal ports terminated with 50 Q. 
a 
. All units available as matched pairs by adding suffix ’M’’. Matching criteria A(SSB loss) = .3 dB. 


. Test Conditions: SSB loss is the ratio of carrier power divided by the output power at one sideband. Carrier power = +10 dBm, 
dBm, Signal power = +17 dBm. 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 INPUT VSWR, CARRIER PORT, VS CARRIER POWER, MA-40081 


fpump * 6 GHz 
Ry.¢ = 100 8 
2, = 502 


CARRIER PORT 


INPUT VSWR 


CARRIER POWER d&m 


FIGURE 2) MODULATION CHARACTERISTIC OF SINGLE DIODE MODULATOR 
USING MA-40081 


CARRIER 


CARRIER = 6 GHz 
MODULATING 
SIGNAL —-* 70 MHz 
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10 
MODULATING SIGNAL mW 


MICROWAVE DIODE MODULATOR 


Modulators convert low frequency signals to high frequencies. Small signal modulation is the reciprocal process to small 
signal mixing. The carrier power is much larger than the signal power, ensuring that the output signal will be a faithful 
replica of the input signal. Relatively small sideband power outputs are available. 


To provide relatively high output power, the MA-40080 Series of Schottky diodes is specifically designed to operate 
efficiently in the large signal (switching) mode. When the input signal power is significantly higher than the carrier 
power, the input signal assumes the switching role; and conversion loss must be calculated from carrier input to first- 
order sideband output. Assuming equal source and load impedances terminating all ports of a single balanced modulator, 
the carrier source is connected to the output load during alternate half cycles of the input signal. In this case, conversion 
loss to each first-order-sideband (by Fourier Analysis of the output waveform) is 10dB. Conversion loss is less for optim- 
ized source and load impedance. 


A singularly Balanced Modulator (SBM) suppresses the modulated carrier and provides output power at the first-order side- 
bands and at higher-order sidebands. Typically, carrier suppression may be 20 to 25 dB; and the even-order sidebands may 
be suppressed below the odd-order sidebands by about 20 dB. Suppression depends on the symmetry of the hybrid circuit, 
the matching criteria of the diodes and on empirical optimizing of the Signal-to-Carrier Power Ratio. A single sideband 
output can be obtained from a Doubly Balanced Modulator (DBM). Additional suppression of the carrier and of the even- 
order sidebands is obtained. 


All specifications are subject to change without notice. 
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for Digital or Logic Circuits 


n 
Lud 
a 
fe) 
a 
oO 
2 
2 
uu 
© 
Ww 
c 


Bulletin 4309 


 & 
= — —-~ 
aoe, in i 
ane = 
Ee 
—- 
pee 


FEATURES 


= Low Cost — attractive for general purpose applications 

® Fast Switching — Picosecond switching for high speed digital or logic circuits 

® High Breakdown Voltage — 70 volt breakdown permits use in high voltage sampling gates 

B Low Lifetime — permits use in large dynamic range mixer and detector circuits through UHF band 


APPLICATIONS 


B High Level Detection (Audio through UHF) 
Switching or gating 

Log or Analog — Digital Converters 

Sampling or wave shaping 

Low level detection and frequency discrimination 


DESCRIPTION 


The MA-47160 Series of switching diodes is a family of epitaxial, oxide passivated devices that exhibit ultrafast switching 
characteristics and high breakdown voltages. 


MAXIMUM RATINGS — MA-47160 Series 


Power Dissipation @ 25°C 
Derate 1.43 mW/°C for 
Temperature Range 25°C to 200°C 
Operating Temperature Range 
Storage Temperature Range 


-65 to +200°C 
-65 to +200°C 


SPECIFICATIONS 


Electrical Specifications @ 25°C 


MA-47160' MA-47161' MA-47162' 
Symbol Parameter Test Conditions Min. Max. Min. Max. Min. Max. 


Breakdown Voltage I =10 pA 70 = 20 = 15 = 
(Volts) 

Forward Voltage I, =1mA 
(mV) 

Forward Current 
(mA) 


Reverse Leakage 
Current (nA) 


Capacitance 
(pF) 


Effective Minority 
Carrier 
Lifetime (ps) 
NOTE: 


1. All diodes in the MA-47160 Series are packaged in Case Style 54. 
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SELECTION GUIDE-PIN DIODES 


Application 
Case High Power | General Purpose 
Styles Switching Switching Attenuation Limiting 


MA-47100 

MA-47047 MA-47111 MA-47041 MA-47089 
MA-47120 MA-47083 MA-47053 

MA-47600 1N5719 MA-47054 

MA-47054 MA-47047 

MA-47123 MA-47123 

MA-47121 MA-47110 

MA-47122 


Ceramic MA-47084 MA-47082 MA-47084 MA-47051 MA-47085 
and MA-47075 MA-47075 MA-47052 MA-47091 
Pill MA-47079 MA-47079 
Packages MA-47077 MA-47077 

MA-47080 MA-47080 

MA-47081 MA-47081 


Stripline MA-47200 MA-47220 MA-47220 MA-47205 MA-47222 
MA-47220 MA-47221 MA-47221 MA-47206 
MA-47201 MA-47222 MA-47222 MA-47220 
MA-47202 MA-47205 MA-47205 
MA-47203 MA-47206 MA-47206 
MA-47204 
MA-47208 


MA-47302 MA-47302 MA-47302 
MA-47400 MA-47418 MA-47400 MA-47408 MA-47410 
MA-47401 MA-47420 MA-47401 MA-47424 MA-47414 
MA-47402 MA-47416 MA-47402 MA-47425 
MA-47403 MA-47403 MA-47403 MA-47426 
MA-47404 MA-47404 MA-47404 MA-47427 
MA-47405 MA-47405 MA-47405 

MA-47406 MA-47406 

MA-47407 MA-47407 

MA-47408 

MA-47421 

MA-47422 


MICROWAVE ASSOCIATES, INC. sur.incton, MASSACHUSETTS 


All specifications are subject to change without notice. 
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DESCRIPTION 

This series of high power PIN switching devices consists of hermetic hard glass passivated chips and packaged diodes 
using these chips. These Cermachip'™™ PIN diode chips are impervious to moisture because they are sealed in a layer 
of ultra-pure high temperature hard glass. Ranges of breakdown voltage and diode capacitance as well as several package 
styles are available for particular applications. 


APPLICATIONS 


These diodes are designed for use in medium and high power RF switches, phase shifters, duplexers, and attenuators. 
The chip diodes are particularly well suited for mounting in microwave integrated circuits and modules. 


FEATURES 


Hermetically sealed chips 
High breakdown voltage 
Low Thermal Resistance 
Low Capacitance (to 0.1 pF) 
Low series resistance 
Excellent Reliability 


High Power PIN 
Switching Diodes 


Chere STYLES 


TYPICAL TYPICAL 
\ L. =.6nH 
‘p 


C_=0.75 pF 
p 


Not to scale. : @ 


CONTROL DIODES 


ABSOLUTE MAXIMUM RATINGS ' CW Power Dissipation’ (Watts) @T.,, 


Temperature Range: 
Operating —65 to +175°C Where: 
Storage —65 to +175°C 8, = Thermal Resistance (°c/w) 


Te = Operating Temperature (°C) 


ELECTRICAL CHARACTERISTICS @ T, = 25°C 


Min. Total Max. Max. 
Breakdown Capacitance” Series Thermal 


Model Voltage pF Resist. Resist. 
Number Volts Min. Max. Ohms °c/w 


MA-47084 H . 0.3 @ 150mA 


MA-47075 1.2 
MA-47077 0.7 
MA-47079 0.6 
MA-47080 0.45 


MA-47081 0.3 
MA-47082 06 @ 5SO0mA 


Test I. = 100 mA 
Conditions f = 500 MHz 


TYPICAL CHARACTERISTICS @ Ta = 25°C 
Minority* Peak® 
Carrier Power 
Modet Dynamic® Lifetime Handling 
Number 


Reverse® Forward® 


Switchmg Switching 
Time -t, Time -t. 


MA-47084 
MA-47075 
MA-47077 
MA-47079 
MA-47080 
MA-47081 
MA-47082 


NOTES: 


- The MA-47084 PIN switching diode exceeds the stated maximum temperature ratings with an operating temperature range up to 
+200°c and a storage range of up to 250°c. CW power dissipation is thus correspondingly increased. 

. The capacitance of the MA-47084 is measured at —250 Volts and the MA-47082 is measured at —50 Volts. 

. Dynamic Q is defined as 1 where R_, and R__ are reverse and forward bias resistance respectively, and gives 


R F 
27 fc, / Re Re 
information regarding the maximum frequency at which the diodes may be used, and the insertion loss and isolation. Typical values, 
obtained at f = 1 GHz and —100V and +100 mA biases, are given in the table above. The bias conditions for the MA-47084 are 
150 mA and —250V; for the MA-47082, they are 50 mA and —5OV. Ali others are +100 mA and —100V. For additional information, 
see M. E. Hines’ “Fundamental Limitations in RF Switching and Phase Shifting Using Semiconductor Diodes”. Proc. IEEE, 53:697(1964). 
‘ 1, = 10 mA, 1, =6mA 


» The diode is mounted in a 50 Ohm fine. Pulsewidth is 1 US, with a low repetition rate, such that average heating effects can be 
neglected. The frequency is 1 GHz. Data on the MA-47084 is taken at 3.3 GHz, VR = 250V andt_ = 10 US. 

« The speed with which the diodes will switch RF power depends on the shape of the waveform and the bias conditions. The typical 
data section shows switching times measured using the circuit of Figure 1; t,_ is from forward to reverse bias, and t_, is from reverse 
to forward bias. The MA-47082 is measured between 50 mA forward and 50V reverse; the MA-47084 is measured at 150 mA and 
100V; all others from 100V to +100 mA or vice versa. 


SERIES AND SHUNT MOUNT DIODES 
Power Handling Data 
SERIES MOUNTING SHUNT MOUNTING 
Peak Forward Peak Reverse Peak Forward Peak Reverse 
Power Bias Power Bias Power Bias Power Bias 
kw kW Vv kW mA Vv 


MA-47075 
MA-47077 
MA-47079 
MA-47080 
MA-47081 
MA-47082 
MA-47084 


This data was obtained by measurement and calculation as follows: 
With the diode series mounted in a 50 §2 coaxial line, the reverse bias power handling was obtained by measuring the de 
leakage current and was 3 kW during the pulse for the MA-47075 at 100 V bias. This power level corresponds to a peak voltage: 


given by: 
V peak = 2/ 2xPxZ_ +100 V Bias = 1200 v 


With shunt, mounting in a 50 Q line, the corresponding power handling capability is given by: 


P=v2  =412kW 
rms 


Zz 
° 


This shows that the reverse bias power handling Capability of the diode is inversely proportional to the line impedance. 


POWER HANDLING: (Continued) 


Under forward bias, power handling considerations are principally thermal. For alow duty cycle, the power handling can be calculated 
from the transient thermal resistance at the particular pulse width, the percentage of incident power which will be dissipated in the 
diode, and the allowable temperature rise before burnout. For short pulses, the junction temperature can reach 300°C before burnout 
occurs. 


The transient thermal resistance for various pulse widths was measured by monitoring the voltage across the diode at the end of the RF 


pulse. From the change in this voltage between the beginning and the end of the pulse, the temperature rise in the diode can be obtained. 


Knowing the power dissipated in the diode, the thermal resistance is calculated. The results are shown on Figure 7 under typical 
performance curves. 


From these numbers, the power handling capability under forward bias in any configuration can be calculated. 


With a 1 US pulse width, at 1 GHz, the diode can safely dissipate 1375 W peak. At 100 mA bias, this corresponds to a maximum RF 
current of 36 A for the MA-47075. 


Thus, this diode, when shunt mounted in a 50 {2 line, is capable of withstanding an incident peak power given by: 


P, “(m)?+2 =16 kW 
in ar wt ° 


This shows that the forward bias power handling capability of the diode is directly proportional totthe line impedance. 


Therefore, there is some optimum value of tine impedance for both shunt and series mounted diodes which will result in equal power 
handling in both directions. However, for a shunt mounted diode, this impedance may not give optimum insertion loss and isolation, 
which increase as the line impedance is decremsed. 
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FIGURE 1 TEST CIRCUIT FOR SWITCHING TIME 


CONTROL DIODES 


TYPICAL PERFORMANCE CURVES 


TYPICAL SWITCHING TIME 100 VOLTS BIAS TYPICAL SWITCHING TIME 50 VOLTS BIAS 
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FIGURE 2 FIGURE 3 


RF SWITCHING TIME VS FORWARD CURRENT 
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FIGURE 4 


TYPICAL SWITCHING TIME TYPICAL SWITCHING TIME 
100 VOLTS BIAS 50 VOLTS BIAS 


MA- 47081 


SWITCHING TIME 
SWITCHING TIME 
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FIGURE 5: FIGURE 6 


TYPICAL PERFORMANCE CURVES (Continued) 


TYPICAL TRANSIENT THERMAL RESISTANCE VS PULSEWIDTH SERIES RESISTANCE VS FORWARD CURRENT 


PULSEWIOTH scons FORWARD CURRENT mA 


FIGURE 7 FIGURE 8 


CONTROL DIODES 


TYPICAL SERIES RESISTANCE AND CAPACITANCE 
VS BIAS FOR MA-47082 
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REVERSE BIAS VOLTS ; FORWARD BIAS mA 


FIGURE 9 


STORED CHARGE VS FORWARD CURRENT 


=== 


50 100 150 
VOLTS FORWARD CURRENT mA 


FIGURE 10 FIGURE 11 


SERIES RESISTANCE VS REVERSE BIAS 


MA-47084 


STORED CHARGE NANOCOULOMBS 


All specifications are subject to change without notice. 
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High Power PIN Chips 
Switching Diodes MA- 47400 Series 


CASE STYLES 
130 


[a [020 faze Pose | 0600 
re 
[Le [ons [0050076 [0.152 | 


NOTE: © indicates cathode. NOT TO SCALE 


MAXIMUM RATINGS CW Power Dissipation (Watts) @ ae =(175—- Top) 


7] 
Temperature: je 


Operating —65 to +175°C 
Storage —65 to +200°C Where: Le = Operating Temperature (°C) 


8, = Thermal Resistance (°C/W) 


ELECTRICAL CHARACTERISTICS @ T,* 25°C Approx 


Min.! Top 
Chip Packaged Breakdown Capacitance” Contact 
Model Chip* Diode Voltage Diameter 
Number Style Model Volts ‘ . MILS 


MA-47400 130 MA-47084 1000 
MA-47401 131 MA-47075 1000 
MA-47402 131 MA-47077 1000 
MA-47403 131 MA-47079 500 
MA-47404 131 MA-47080 500 
MA-47405 132 MA-47082 300 


Case Styles 130 and 131 are hermetically sealed CE RMACHIP® devices. 


MICROWAVE ASSOCIATES, INC. surtnaton. MASSACHUSETTS 


TYPICAL OPERATING CHARACTERISTICS @ Ta= 25°C - 


Max.° Minority* Reverse Forward 
Chip Series Carrier Switching Switching 
Model Resistance Lifetime Time -t.., Time - t... 
Number Ohms uS nS ie 


MA-47400 0.3 @ 150 mA 5.0 300 
MA-47401 0.80 @ 100 mA 3.0 

MA-47402 0.50 @ 100 mA 4.0 150 
MA-47403 0.60 @ 100 mA 1.5 30 
MA-47404 0.45 @ 100 mA 1.5 30 
MA-47405 0.60 @ 50 mA 0.8 30 


NOTES: 


1. Breakdown Voltage is measured at —10 LA. 5. Reverse Switching Time (te ,) is measured at Ve =100 mA 


2. Chip Capacitance is measured at —100 Volts and 1 MHz. to V_. = 100V. 
Appropriate case capacitance must be added for packaged R . : “ ; 
diode models. (Cp = .18 pF for Case Style 30 and - Forward Switching Time (to, is measured at Ve =100V 


Cp =. 75 pF for Case Style 109) to I. = 100 mA. 


CONTROL DIODES 


- Series resistance is measured at 500 MHz. 
- Minority carrier lifetime is measured at IE =10mA and 


t= 6 mA. 


APPLICATIONS DATA TYPICAL SERIES RESISTANCE VS CURRENT 


MA-47400 SERIES CHIP DIODES (f=500 MHz) 


MA-47401 


MA-47405 


MA-47402 


SERIES RESISTANCE Ohms 


oS 
MA-47404 —_ 


100 pA mA 10 mA 
FORWARD CURRENT mA 


All specifications are subject to change without notice. 
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Ceramic Packages 
Glass Packages 
Chips 


Microwave Associates, Inc. 


FEATURES: 


® Switching time typically 5 nS. 

@ Low Series resistance, typically 1 Q 

@ Low bias current requirements 

® High power limiting capability, 50W peak pulse power. 


DESCRIPTION 


This Series of PIN diodes features oxide passivated silicon devices of mesa construction. The devices have been opti- 
mized for fast switching and timiting by careful design and precise chip-processing control. Their low series resistance at 
low bias currents and tow minority carrier lifetime provide a low-loss, ultra-fast switching or limiting device. They are 
available in ceramic packages for medium power fast-switching; in glass packages for lower power fast-switching, and in 
chip and beam lead form for MIC applications. 


APPLICATIONS 


Typical applications of these devices include single and multi-throw switches, pulse modulators, duplexers, TR switches 
and limiters. 


Fast Switching | Ceramic Packages 
PIN Diodes 


CASE STYLES 


CONTROL DIODES 


Not to scale. NOTE: ® Denotes Cathode. 


ABSOLUTE MAXIMUM RATINGS 


Temperature Range: 
Operating —65 to +175°C 
Storage —65 to +200°C 
CW Power Dissipation (Watts) @ Topo (176 _ Toe! 


Bi¢ 


Where: Tope Operating Temperature (°C) 
(7) tee Thermal Resistance (°C/W) 


ELECTRICAL CHARACTERISTICS @ T, = 25°C 


Min.* Max.” Max.’ Max. 
Breakdown Total Series Thermal 
Model Case Chip Chip Voltage Capacitance Resist. Resist. 
Number Style Number Style Volts pF Ohms c/w 


MA-47052 30 MA-47424 134 200 1.5 
MA-47051 30 MA-47408 132 100 1.0 
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TYPICAL CHARACTERISTICS @ Ty = 25°C 


Reverse? 


Forward® 
Power* Switching Switching 


Handling Time - ter Time - tue 


Minority® 
Chip Carrier 


Mode! Model Chip Dynamic* Lifetime 


Number Number Style Q 


MA-47424 134 200 
MA-47408 132 300 


MA-47052 
MA-47051 


NOTES: 


Breakdown voltage is measured at —10 MA. 
When ordering chips; Chip Capacitance = Total Capacitance 
minus package capacitance (c,). 


Capacitance is measured at -10 volts and 1MHz. 
1 


Dynamic Q, is defined as where R 
2 TIC, } Re Re R 


and Re are reverse and forward bias resistance respectively, 


and gives information regarding the maximum frequency 
at which the diodes may be used, and the insertion loss 
and isolation. Typical values, obtained at f = 1 GHz and 
—100V and 100mA biases, are given in the table above. Ali 
devices were measured at 1 GHz. The bias conditions for 
MA-47051 and MA-47052 are 10mMA and —10V. For 


1.0 


nS kW ns ns 


300° 1.0 5 5 
25 


additional information, see M. E. Hines’ ‘‘Fundamental 
Limitations in RF Switching and Phase Shifting Using 
Semiconductor Diodes’. Proc. EEE, 53: 697 (1964). 
The diode is mounted in a 50 Ohm line. Pulsewidth is 

1 US with a low repetition rate, such that average heating 
effects can be neglected. The frequency is 1 GHz. 

The speed with which the diodes will switch RF power 
depends on the shape of the waveform and the bias 
conditions; te is from forward to reverse bias, and te is 


from reverse to forward bias. The MA-47051 and 
MA-47052 are measured between 10 mA forward and 


10V reverse. 
ie = 10 mA; 1, = 6 mA. 


. Series resistance is measured at +100 mA and 500 MHz. 


10.0 


TYPICAL RESISTANCE VS. FORWARD CURRENT 


All specifications are subject to change without notice. 
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Fast Switching 
PIN Diodes 


CASE STYLES 


Glass Packages and Chips 


TYPICAL 
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Not to scale. 


ABSOLUTE MAXIMUM RATINGS @ 25°C 


Operating Temperature Range —65 to +150°C Max. D.C. Power Dissipation 
Storage Temperature Range —65 to +175°C at 25°C (Case Style 54) 
Max. Voltage Breakdown Voltage 


FAST SWITCHING DIODES 


These fast switching PIN diodes are designed for lower power (up to 250 watts peak/5 watts CW) circuits where 
nanosecond switching times are required. These diodes are useful from 100 MHz through 18 GHz. All of these PIN 


diodes are passivated to assure low leakage and high reliability. 4 . 
Typ. Typ. 


Min.” Max.° Max. Minority RF 
Chip’ Breakdown Total Series Carrier Switching 
Model Case Model Chip Voltage Capacitance Resistance Lifetime Time 
Number Style Number Style Volts pF Ohms nS 


6 


MA-47041 54 MA-47427 132 150 . 2.5 @ 30mA 75 
MA-47053 54 MA-47425 132 100 : 15@10mA — 150 
MA-47054 54 MA-47426 132 100 R 1.2@10mA 150 


NOTES: 
. Chip capacitance is equal to cy - C,: 6. Series Resistance is measured at 500 MHz. 
- Ig = 10 HA. 
a Va = 10 V; F = 1.0 MHz 
EB 10 mA; 1,76 mA 
» |= 10 mAto —10 V. 


MICROWAVE ASSOCIATES, INC. surtincTon, MASSACHUSETTS 


All specifications are subject to change without notice. 
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CONTROL DIODES 


Fast Switching 


Beam lead MA-47301, MA-47302 


PIN Diodes 


CASE STYLE 


MAXIMUM RATINGS @ 25°C 


Total Power Dissipation 
Temperature: 

Operating 

Storage 


250 mW 


—65 to +175°C 
—65 to +200°C 


rea com 1017 | 028 


8 0,114 0,139 
Cc = 0,17 0,28 
re cou oo 


ELECTRICAL SPECIFICATIONS @ 25°C 


Series” Breakdown? Min.* Typ.° Typ.>" 
Model Capacitance’ Resistance Voltage Forward Minority Carrier Switching 
pF Ohms Volts Current Lifetime § Time-t,, 
Max. Min. Typ. mA ns ns 


Sr Sree ey 


MA-47301 .015 0.02 6.0 8.0 40 50 10 
MA-47302 0.03 0.05 4.5 6.0 40 50 10 


NOTES: 

1. V_, = 10 Volts; F = 1.0 MHz 
2. 1 = 10 mA; F = 500 MHz 
3. 1, = 10HA 
4. V_= 1.0 Volts 
5. 1, = 10 mA; 1, =6mA 
6 


* V_= 10V; Ip =10mA 


MICROWAVE ASSOCIATES, INC. BurtinGToN, MASSACHUSETTS 


APPLICATIONS DATA — FAST SWITCHING BEAM LEAD DIODES 


FIGURE 1 TYPICAL FORWARD CONDUCTION 
CHARACTERISTICS 


CONTROL DIODES 
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FORWARD VOLTAGE VOLTS 
FIGURE 2 TYPICAL ISOLATION AND INSERTION LOSS, MA-47301, MA-47302 
2,7 50 Ohms 


ISOLATION AT —10 VOLTS 
INSERTION LOSS AT +10 MILLIAMPS 


N 
a 


ISOLATION dB 
3 
INSERTION LOSS dB 


= 
a 


INSERTION LOSS MA-47301 


INSERTION LOSS MA-7302_ 


3 4 5 6 78910 
FREQUENCY GHz 


ISOLATION AND INSERTION LOSS VS. FREQUENCY 


All specifications are subject to change without notice. 
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Ceramic Packages 
Glass Packages 
Chips 


Limiter PIN Diodes 


CASE STYLES TYPICAL 
L =0.4nH 
30 re C, = -18 pF 132 
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MAXIMUM RATINGS 


Temperature Range: 


(175 — Top) 
CW Power Dissipation (Watts) @ 5 ——— 


ue 
Operating —65 to +175°C Where: T, = Operating Temp. (°c) 
Storage —65 to +200°C 9 46 = Thermal Resistance (°c/w) 


ELECTRICAL CHARACTERISTICS @ Ty = 25°C Mae: 


Min.” Total ' Max.? Max. 

Chip Chip Breakdown Zero Voltage Series Thermal 

Model Case Model Case Voltage Capacitance Resistance Resistance 
Number Style Number Style Volts pF Ohms cw 


MA-47085 30 MA-47410 132 30 0.4 1.6 40 
MA-47089 54 MA-47412 132 30 0.3 2.0 500 
MA-47091 30 MA-47414 134 30 0.3 2.0 40 


NOTES: 
1. Chip capacitance is equal to cy - Cc, 
2. th =10UA 

3. te = 10mA, F = 500 MHz 


MICROWAVE ASSOCIATES, INC. surtincton, MASSACHUSETTS 
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APPLICATIONS DATA 


FIGURE 1 Ku-BAND PULSE POWER TEST SET 


LIMITER 
MOUNT 


DETECTOR 
SWITCH bet MAGNETRO SWITCH AND 
SCOPE 


REFERENCE 
ARM 


CONTROL DIODES 


FIGURE 2 MA-47091 TESTED AS A Ku-BAND QUASI-ACTIVE LIMITER USING THE ABOVE TEST SET 


1000 
16.50 GHz 


2uS 
= 500 
.001 % 


PEAK POWER OUTPUT mW 


INPUT POWER WATTS 


IN THE ABOVE GRAPH: 


Ty = Pulse Duration 


Pee = Pulse Repitition Rate 
DC = Duty Cycle 
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Glass Packages 
Chips 


fe 


Microwave Associates, Inc. ‘aah 


FEATURES 


® Low Cost 

™ Reproducible RF characteristics 
Close tracking between units 
High reliability 
Hermetic packaging 


DESCRIPTION 


This series of diodes was designed specifically for medium and low power control functions. Available in both chip 
and packaged diode form, these devices were optimized for specific applications by careful design and precise 


control of chip processing. High reliability and ruggedness are insured by the latest passivation techniques. The 
hermetically sealed glass package yields the optimum in price versus circuit performance. 


APPLICATIONS 


PIN diodes are available in this series for the following circuit functions: 


= General purpose control diodes (low cost) 

™ General purpose switching and attenuator diodes 
@ Precision attenuator diodes 

@ Very low intermodulation attenuator diodes 
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General Purpose 
Switching and Attenuation 


CASE STYLES 


54 TYPICAL 
C, = .05 PF 


L.=1.0nH 
p 


i. (DIA.) D (DIA.) 
Tet [eed FL ey | ond 


| a [ors] ors | 37] 42] 
| 8 | aes | 075 | 1.727| 1.905] 
Lc | 1.000] 1500} 254/301] 
Lo_[oor [oore | 0.286) 0.406 


® denotes cathode end. 


ABSOLUTE MAXIMUM RATINGS @ 25° C 


—65 to +150°C 
—65 to +175°C 
Breakdown Voltage 


Operating Temperature Range 
Storage Temperature Range 
Max. Voltage 


MICROWAVE ASSOCIATES, INC. BURLINGTON. MASSACHUSETTS 


139 TYPICAL 


0.584 


Glass Diodes and Chips 


146 TYPICAL 
c, = 4pF 


=.30H 
Ly n 


eis 
is 


| a | 200 | 240 | s.050 [6.200 | 
|e | 09s | 105 | 2.160 | 2670 | 
LoL i.000 [i250 J 2540 [31.75 | 


Not to scale. 


ODS—54—250mW 
ODS—139—400mW 
ODS— 146—1 Watt 


CW Power Dissipation 


CONTROL DIODES 


ELECTRICAL SPECIFICATIONS @ T, = 25°C 


LOW COST, LOW SERIES RESISTANCE SWITCHING DIODES 


These PIN diodes are intended for low frequency switching from 5 MHz through 1 GHz, where low Rg at small 
forward current is a prime factor. These diodes are designed for channel switching and switching crystals in UHF 


and VHF radios, etc. 6 
Typ. 
Breakdown2 Total® Max.® Minority 
Voltage Capacitance Series Carrier 
Model Case Chip’ Case Volts pF Resistance Lifetime 
Number Style Number Style Min. Typ. Max. Typ. Ohms ns 


MA-47120 MA-47420 134 35 50 1.0 85 0.5 100 
MA-47121 54 MA-47421 134 35 50 2.0 1.2 0.6 100 
MA-47122 139 MA-47422 134 35 50 2.0 1.4 0.6 100 


LOW COST GENERAL PURPOSE CONTROL DIODES 


These PIN diodes are intended for general VHF and UHF switching and in current controlled AGC circuits where 


purchase price is a prime factor. Typ® 
Typ. RF 
P 4 Fp 
Breakdown? _ Series” Total Minority Switching 
Voltage Resistance Capacitance Carrier © Time 
Model Case Chip’ Chip Volts Ohms pF Lifetime nS 


Number Style Number Style Min. Typ. Max. Typ. Max. Typ. ys tar ter 


MA-47110 139 MA-47419 132 100 250 3.0 25 0.5 0.4 2.0 150 250 
MA-47123 139 MA-47423 132 200 250 14 1.0 0.5 0.4 1.0 50 200 


JAN TX PIN CONTROL DIODES 


This unit is intended for general purpose control applications in military systems where a QPL device is required. Full 
specifications to MIL-S-19500/443 are available on request. 


Min.® 


Min.2 Max.? Max.’ Minority Max.” Max.? 
Breakdown Total Series Carrier Forward Reverse 
Model Case Voltage Capacitance Resistance Lifetime Voltage Current 
Number Style Volts Ohms Ohms ns Volts nA 


JAN TX 1N5719 54 150 0.30 


NOTES: 


1. Chip capacitance is equal to total capacitance minus package 6. Minority Carrier Lifetime is measured at 1. = 10 mA and 
capacitance (c,). i =6mA. 

2. Breakdown Voltage is measured at —10 HA. 7. Measured at Ie = 100 mA. 

3. Measured at —20 Volts and 1.0 MHz. 8 toe is measured from—5O0V to+50 mA. 

4. Measured at —50 Volts and 1.0 MHz. 9. tp is measured from +50 mA to —50V. 

5. 9. V,, = 100 Volts. 


- Measured at Ip =10mA. ~ 
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GENERAL PURPOSE SWITCHING AND ATTENUATOR PIN DIODES 


These glass PIN diodes are designed for use as general purpose switches or as voltage variable attenuators in the UHF 
through X-Band range. These diodes all feature oxide passivation. 


Typ. 


Min.” Max.> Max. Minority = Max.® 
Breakdown Total Series Carrier Cross 
Model Case Chip? Chip Voltage Capacitance Resistance Lifetime Modulation 
Number Style Number _ Style Volts pF Ohms us ~—dB 


MA-47100 54 MA-47406 132, 100 0.35 10@30mA 2 
MA-47600 54 MA-47416 132 100 0.35 18@20mA 2 
MA-47047. 54 MA-47418 132 200 0.30 1.5@30mA 1 


PRECISION ATTENUATOR DIODE 


This diode is designed as a precision current controlled resistor for RF Attenuators. It features tightly controlled RF 
resistance to assure close tracking between units. 


Typ. 
Typ.® RF 
Min.' Max.? Series Resist.’ Minority Switching 
Breakdown Total Resistance vs. Bias Carrier Time 
Model Case Chip? Chip Voltage Capacitance Ohms Slope Lifetime 
Number Style Number Style Volts Min. Max. Min. Max. 


MA-47083 54 MA-47407 132 300 ; 690 1040@1QuA .86 .90 
12 18@1mA 
— 1.5@100mA 


LOW COST ATTENUATOR DIODES WITH VERY LOW INTERMODULATION 


These diodes are intended for UHF and VHF current controlled AGC circuits, where low intermodulation and low cost 


are primary factors. 
6 
Typ. 


Typ.® Cross- 

Min." Total® Typ.* Minority and 

Breakdown Capacitance Series Carrier inter- 
Model Case Chip? Chip Voltage pF Resistance Lifetime Modulation 
Number Style Number Style Volts Max. . Ohms —dB 


MA-47111 146 MA-47413 165 100 0.8 ; Refer to 
Figures 
4&5. 


NOTES: 
. Breakdown Voltage is measured at —10 MA. 
. Chip capacitance is equal to total capacitance minus package 


capacitance (C_). 
. Vig = SOV; FREQ. = 1.0 MHz 


6. See attached application note. 
7. Ve = 10 MA to 10 mA. 

8. term is measured from +50 mA to —50 Volts. 
tar is measured from — 50 Volts to +50 mA. 
‘ le =100mA 


2 ip = 10mAS IA HE MA 
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CONTROL DIODES 


APPLICATIONS NOTE INTERMODULATION AND CROSS MODULATION MEASUREMENT 


The specified second order intermodulation distortion is measured by using two carriers of equal amplitude at 40 and 
50 MHz. The intermodulation products are measured at the sum frequency of 90 MHz. The value is specified as the 
power below either carrier. Figure 1A. 


Cross modulation is a third order distortion product. It is measured by using the same two carriers of equal amplitude. 
The 40 MHz carrier is 100% modulated. The cross modulation is measured as the power in one side band below the 
power of the 50 MHz carrier. See Figure 1B. 


A. INTERMODULATION 8. CROSS MODULATION 


intermodulation Cross modulation 


Leben Seat 


FIGURE 1 
Both intermodulation and cross modulation are frequency and power dependent. In general these products will de- 
crease if the frequency is increased and other conditions remain the same. The cross modulation and intermodulation 
products will also increase rapidly at a single frequency when the carrier power is increased. 


40 MHz 50 MHz 90 MHz 
Corriers 


All measurements are made in a matched 7 attenuator, with a line impedance of 50 ohms. 


40 MHz {40 MHz Source is 100% modulated 
Low Pass Filter Source for cross modulation test.) 


Power 


Combiner 


FIGURE 2. INTERMODULATION AND CROSS MODULATION TEST CIRCUIT 


MA-471114 


FIGURE 3) MATCHED ATTENUATOR T7-CIRCUIT FOR MA-47111, MA-47110 


FIGURE 4 CRAOSS-MODULATION VS. ATTENUATION, 
R ATTENUATOR CIRCUIT MA-471114 


ata ¢ 


FIGURE 6 TYPICAL SERIES 
RESISTANCE VS. FORWARD CURRENT 
AT f= 100 MHz 


0 d8m INPUT 


30 40 
ATTENUATION —dB 


CROSS MODULATION BELOW CARRIER dB 


Ohms 


FIGURE 5 2nd ORDER INTERMODULATION VS. 
ATTENUATION, 7 ATTENUATOR 
CIRCUIT, MA-47111 


INPUT 40 MHz 
50 MHz 
OUTPUT 90 MHz 


SERIES RESISTANCE 


MA-47120, 
MA-47121, 
MA-47122 


0 dBm INPUT 


~10 dBm INPUT 


BELOW CAARIER «4B 


ses ves US CUve| Gee Ga es UT! eee Ga ew BY 
10 HA 100 1A 1.0mA t0mA 


DIODE FORWARD CURRENT 


SECOND ORDER INTERMODULATION 


20 
ATTENUATION —d8 


All specifications are subject to change without notice. 
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VHF-UHF 
PIN DIODE 
TR SWITCH 


MA-8334 SERIES Bulletin 5101 
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FEATURES 

® Frequency range 20 MHz to 1000 MHz ® Transmit insertion loss, 0.2 dB, typical 

@ CW Input Power Rating 50 Watts ® Low intermodulation 

® Pulsed Power typically 1 kW, 0.001 duty, 10 ysec pulses = Small modular package 

® Receiver isolation, 28 dB typical at 450 MHz ® High reliability solid-state device 

APPLICATIONS 

® Transmit-receive switch for fixed station, marine, ® Controlling of phase shifters for antenna pattern 
land and airborne mobile communications equip- lobing 
ment. ® CATV distribution switching 

@ Space or frequency diversity receiver or transmitter @ Amateur and citizen band transceivers 
systems 
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DESCRIPTION 


This is a hybrid RF circuit which incorporates hermetic hard glass passivated PIN diode chips. The circuit is a single 
pole double-throw switch for transmit-receive duplexing in mobile and fixed station VHF and UHF communications 
equipment. Also available as a SP3T switch for other applications. These devices are designed to replace electro- 
mechanical switching relays used in communications equipment. 

Microwave Associates CERMACHIP™™ PIN diodes are utilized in these switch circuits. Each CERMACHIP™™ diode 
is hermetic in itself. These switches, therefore, will have high reliability and low reverse leakage, and will withstand 
extreme electrical and environmental stress. These devices are matched for a nominal 50 ohm line impedance. 


Switching is accomplished with a forward direct current for passing arm. The off arm is simply left open-circuit with 
no bias. Heat sinking is provided through the copper base of the module and circuit frame. 


SUGGESTED BIAS CIRCUIT 


+50 mA 


SPECIFICATIONS 


Frequency Range: 20 - 500 MHz 
Isolation Typ. Spec. 
200 MHz 33 dB 28 dB Min. 
450 MHz '  28dB 24 dB Min. 
Loss 0.2 dB 0.4 dB Max. 
Nom. Impedance, 
all ports 50 ohms 
Input VSWR 1.2 1.4 Max. 


ANTENNA 
(502) 


Lifetime 1 ysec Min. 
Input Power 50 Watts Typ. 
Bias Required 50 a 
Heat Sink Temp. -55°C to + 100°C 
Harmonic Meets standards for Commercial Radio 
Output Application when installed in Typical 
Transmitter Circuitry. Evaluation in 
final Customer Circuit is recommended. 


O VOLTS 


- All capacitors and inductors should be selected for optimum 
circuit performance at the design frequency. 

. The series resistors should be selected to provide 50 mA 
minimum of bias current. 


- Circuit shows bias conditions for low loss between antenna 
and Port 1 and isolation between antenna and Port 2 
. Reverse polarity switches are available upon request. 


*Lower frequencies and/or low harmonic specifications may 


require use of higher bias currents. 


TYPICAL PERFORMANCE CURVES CASE STYLE 


0.150 - 0.190 
38 - 48 


o | 0.240 - 0.260 
vo | “60. 66 
Ee | 
$ 
z | 
ISOLATION 
be | 480 0.500 py, 
11,6- 12,7 

‘ he 
: INSERTION LOSS + Sa 
i} _ 4 13 § 
Fe —— Mi T 12 
= tow 


3 
5 
8 
3 
3 


2. POSITION 1 OPTIONAL ORIENTATION 
. LEAD WIOTH 0.045 - 0.050 
Wr. 13 


FREQUENCY -MHz 


LEAD THICKNESS sore MIN. 
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Broadband PIN Diodes 
MA-47200 Series 
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Microwave Associates, Inc. 


FEATURES 


Broadband 50 ohm match through X-band 
Hermetically sealed package 

Low thermal resistance 

High power capability (up to 5 kW peak) 
Fast switching (to 10 ns) 


APPLICATIONS 


This series of PIN devices is intended for microstrip and stripline control circuits as well as for direct replacement of 
existing non-hermetic epoxy encapsulated devices. They can function as power switches, limiters, phase-shifters, 
attenuators, and duplexers. The package flexibility allows the use of high power, high voltage PIN chips that can 
switch up to 5 kW peak RF power or very fast thin PINs that can switch as fast as 10 nanoseconds. 


DESCRIPTION 


These broadband matched devices contain a passivated PIN diode chip in shunt; the hermetic seal packaging eliminates 
the reliability problems associated with earlier devices using epoxy seals. The diodes are matched through X-Band and 
feature low insertion loss and VSWR characteristics at zero or reverse bias. The designs eliminate the bandwidth 
limiting parasitics of conventional packages by incorporating the leads and chip as part of a 50 ohm microwave circuit. 
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Broadband | #A-47200 Series 
PIN Diodes | #A-47220 Series 


CASE STYLES 
6.32 UNC-2A THD. 


CONTROL DIODES 


=e 
om. | mw. | tye. | wax 


Not to scale. 


ENVIRONMENTAL RATINGS 
Operating and Storage Temperature Range Max. CW Power Dissipation @ a 
MA-47200 Series: —65°C to +175°C gor 


ma 


op 
MA-47220 Series: —65°C to +150°C 5 Watts 


All units are capable of meeting the pertinent where: Tog = Operating Temp. (°C) 


requirements of MIL-S-19500, 6 = Thermal Resistance (°C/W) 


aoe 175°C for MA-47200 Series 
150°C for MA-47220 Series 


ENVIRONMENTAL CAPABILITIES PER MIL-STD-750 


Method Conditions 
Moisture Resistance 1021 
Temperature, Storage 1031 -65°C to +150°C 
Operating — -  .65°C to +150°C 
Cycling 1051 5 cycles, -65°C to +150°C 
Thermal Shock 1056 5 cycles, 0°C to +100°C 
Shock 2016 5 blows; X,,X,,Y4, Yo2,,25 @ 1500G 
Vibration Fatigue 2046 32 hours; X, Y, 2 @20G 
Vibration, Four 4-min. cycles; X, Y, Z, 
Variable Frequency 2056 @ 20 G Min., 100 to 2000 Hz 
Constant Acceleration 2006 20,000 G; X,,X,, Y; Y¥,.2,,2, 
Barometric Pressure 1001 150,000 ft. 
Salt Atmosphere 1041 


MICROWAVE ASSOCIATES, INC. suRLINGTON. MASSACHUSETTS 
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ELECTRICAL CHARACTERISTICS @ Ty = 25% 
Min." : Min. 


Breakdown Isolation 
Meas. 


Model Freq. Voltage VSWR @25mA 
Number GHz Volts @ -20V dB 

MA-47208 1.0 1000 : 1.5 

MA-47200 1.0 y 1.5 

MA-47202 6.0 . 1.5 

MA-47204 8.0 é 1.5 

MA-47206 10.0 : 1.57 

MA-47201 1.0 : 1.5 

MA-47203 6.0 i 1.5 

MA-47205 10.0 : 1.5 

MA-47207 10.0 ‘ 1.57 


MA-47220 10.0 . 1.5 
MA-47221 Note 4 : 1.5 
MA-47222 8.0 : 1.5 
MA-47223 Note 4 : 1.5 


TYPICAL OPERATING CHARACTERISTICS 


Typical Minority 
Thermal Carrier Switching Time Switching 
Model Resist. Lifetime RF on RF off Conditions 
Number c/w us ns ns RF off RF on Heat Sink 


MA-47208 10 5.0 150 100 mA 100V Cathode 
MA-47200 10 2.0 60 100 mA 100V Cathode 
MA-47202 15 1.5 30 100 mA 100V Cathode 
MA-47204 1.5 30 100 mA 100V Cathode 
MA-47206 0.1 10 10 mA 10V Cathode 
MA-47201 2.0 60 100 mA 100V Cathode 
MA-47203 1.5 30 100 mA 100V Cathode 
MA-47205 1.5 30 100 mA 100V Cathode 
MA-47207 0.1 10 10 mA 10V Cathode 
MA-47220 0.5 30 100 mA 100V Anode 
MA-47221 10 10 mA 10V Cathode 
30 100 mA 100V Cathode 
30 100 mA 100V Cathode 


MA-47222 0.5 
MA-47223 2.0 


NOTES: 


» Breakdown voltage is measured at —10 LA. 
- MA-47206 and MA-47207 measured @ —10V; MA-47221, MA-47222, and MA-47223 measured at zero volts. 
- MA-47206 and MA-47207 measured @ 10 MA; MA-47221 measured at 20 MA; MA-47220, MA-47222, and MA-47223 measured at 
100mA. 
. Test frequencies: MA-47221 4-8 GHz (swept) 
MA-47223 4-8 GHz (swept) 
. Devices properly mounted in sufficient heat sink derate linearly to zero at 150°C. 
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SUGGESTED SCREENING OF PIN DIODES FOR HIGHER RELIABILITY 


ELECTRICAL 


TEST 


ELECTRICAL 
TEST 


10% LTPO 


ELECT. TEST 
RECORDED 


LEAK 
1O'CC/SEC 


INDIVIDUAL 
DELTAS 


APPLICATION NOTES 


Circuit Diagram 


HIGH TEMPERATURE 
REVERSE BIAS 
(HTRB) BO% Bv 

16 HOURS 


VISUAL 


INSPECTION 


FINAL 
ELECTRICAL 
TEST 


GO-NO-GO 


VISUAL 
TEST 


10% LTPD 


TEMPERATURE 
CYCLE 


CONSTANT 
ACCELERATIO! 


-65 TO +150°C 20,000 9's 


HTRB 
150°C, 50% By 
48 HOURS 


SHIP WITH LEVEL IE 


DATA 


BURN IN ELECTRICAL 


168 HOURS INDIVIDUAL 


DELTAS 


LEVEL I 


ELECTRICAL 
TEST 


RECORD 
DATA 


LEVEL IH 


The MA-47200 series of broadband shunt mounted PIN diodes consists of a shunt mounted PIN chip with an appropri- 
ate series inductance to produce a matched low pass filter structure at zero or reverse bias See Fig. 1a and 1b for 
reverse bias state. By applying +10 to +100 mA to the center conductor the diode’s impedance changes to a low im- 
pedance inductive short (See Fig. 1c) causing the diode to reflect the RF power. The MA-47220 has an anode heat sink. 
This diode contains a NIP chip thus it must be biased with 10 to 100 mA to produce high isolation. See Figure 2. 


(CATHODE HEAT SINK) 
(a) DIODE STRUCTURE 


MA-47221 
MA-47222 
MA-47223 


CATHODE 


FIGURE 1 


(b) EQUIVALENT CIRCUIT 
ZERO OR REVERSE BIAS 


FIGURE 2 


(c) FORWARD BIAS 
EQUIVALENT CIRCUIT 


MA-47220 SERIES HEAT SINK POLARITIES 


HEAT SINK 
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MA-47220 


HEAT SINK 


CONTROL DIODES 


DIODE MOUNTING PROCEDURES 


MA-47200 Series; Mounting Procedure and Package Choice 
Case Style 114, with threaded stud, is designed for use where the RF power exceeds 1 to 2 watts CW, (or 1 kW peak), 
and for installations at frequencies above § GHz. The stud can be threaded into the ground plane and held down tightly 
with a nut, producing a low-resistance heat path. (See Figure 3.) A sharp size B (0.238D) drill through the board will 
produce a tight fit to the package; a 1 or 2 mil metal shim and a thin rubber gasket make an excellent top contact under 
the cover. The center conductor contact should be 50 ohms in and out. Soldering or parailel gap welding of the leads 
is suggested to reduce loss. 


Case Style 115 is most useful for lower power applications. It is mounted in the same manner as Case Style 114, except 
that it is not screwed to the ground plane. At frequencies above 5 GHz the 115 case should be secured by soldering to 
the ground plane. 


Shim 
7 Cover 
/ 


/ 


-Rubber Gasket 


M Anode Heat Sink 


1/16” Dielectri 
/ jielectric Lock Nut 


MA-47200 


FIGURE 3 MA-47200 MOUNTING IN 1/8 BALANCED STRIPLINE 


MA-47220 Series; Mounting Procedure 
Case style 144 should be firmly bolted to the ground plate with 6-32 screws through the cover and the mounting holes 
in the diode case, as shown in Figure 4. Contact with the cover can be improved with a 1 to 2mil metal shimand a 
thin rubber gasket. (Poor electrical contact with the cover can result in the excitation of higher order modes.) 


Shim 


Rubber Gasket 
Cover 


“oN 
CLL LLL OLLI. LL. LL a? 


SILT CTTIATETOTESMBEERIOEL OLSEPR ARATE ERS 


NSS. QE _LANNANAANENNN 


Ground Plane 


1/16” Dielectric 


2 #2-32 Screws 


FIGURE 4 MA-47220 MOUNTING IN 1/8” BALANCED STRIPLINE 


DC RETURNS 


Since the diode is connected in shunt across the transmission line, a dc return must be provided between the center 
conductor and the ground. This de return must appear as a high impedance to the RF signal. This can be accomplished 
in any of the following ways: 


1. A % wave length shorted transmission can be used. (The impedance of the shorted line should be as high as pos- 
sible at RF frequencies for good bandwidth.) 

2. Commercial bias tees are good dc returns, but in many cases they are narrow band. 

3. Lumped filters such as a pi filter may be used. 

4. Other circuit elements may be used for dc returns; for instance: center terminals on a circulator or a mixer dc re- 
turn may be used. 
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SWITCHING CONDITIONS 
Speed 
The switching characteristics of these diodes are measured from a 10 to 90% detected RF waveform. The RF off-time 


is determined by measuring the time for the power to drop 10 dB from its value at the low insertion loss state. The RF 
on-time is the time for power to rise to approximately 0.5 dB of its low loss value (See Figure 5). 


Bias Considerations 

The proper bias of the diode can be determined by examining Figure 1a. Bias can be applied to either lead of the diode. 
A 1 volt and 10 to 100 mA positive current bias is needed for high isolation. Isolation will increase with current (See 
Figure 7). However, increased bias results in slower switching times. The anode heat sink diode requires the opposite 
bias. 


Fast Switching Considerations 

The rise and fall time characteristics of the RF envelope are a function of both the magnitude of the bias current and 
the shape of the bias pulse. Faster switching may be obtained by reducing the bias current or using bias current wave- 
form shown in Figure 3b. The large initial 2 to 3 ns turn-off current I, and D6 should be within the limits of the 
peak bias current (300 to 1000 mA) and maximum power dissipation of the diodes and driver transistors. 


A good typical low current driving circuit is shown in Figure 6. The RF block should not affect the rise time character- 
istics of the drive circuit. 


FIGURE 5 


Control 
Current 


% Ot Pulse 


.3-3.0 A Max. 


(a) TYPICAL RF SWITCHING CHARACTERISTICS {b) CURRENT PULSE SHAPE FOR FAST SWITCHING 


FIGURE6 TYPICAL HIGH SPEED DRIVER AND DIODE SCHEMATIC 


Driver Diode Under Test 
35V9 .O5 UF 
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CONTROL DIODES 


TYPICAL PERFORMANCE CURVES 


FIGURE 7 TYPICAL ATTENUATION VS. FORWARD FIGURE 8 TYPICAL ISOLATION AND INSERTION 
CURRENT MA-47200 AT 1 GHz LOSS VS. FREQUENCY OF MA-47207 


i ee a> | 
oe 


10 
FREQUENCY GHz 


ATTENUATION 


10 pA 10 pA 
CURRENT 


FIGURE 9 TYPICAL VSWR VS. FREQUENCY 
MA-47220 SERIES 


Lr 
MA-47220, 47221, 47222 
_ aa 01 a + 10 100 
—— FORWARD CURRENT mA 


2 3 4 5 6 7 8 
FREQUENCY GHz 


FIGURE 10 MA-47220 SERIES TYPICAL ISOLATION 
VS. CURRENT AT f = 10 GHz 
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FIGURE 11 TYPICAL INSERTION LOSS VS. FREQUENCY 
MA-47220 SERIES FIGURE 12 Ee VS. FREQUENCY 


w& cs 


INSERTION LOSS dB 
oN) 


ISOLATION dB 


2 3 4 
FREQUENCY GHz 


FREQUENCY GHz 
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Additional PIN Diodes 


ELECTRICAL CHARACTERISTICS @ T, = 25°C 


Min. Max. 


Breakdown Max.? Series 
Type Case Voltage Capacitance Resistance 
Number Style Volts pF Ohms Comments 


MA-47407 132 200 15? 1.0 chip; @ 100 mA 
MA-47066 54 150 .30? 1.5 @30mA 
1N5767 54 100 .407 2.5 @ 100 mA 
MA-47409 133 100 157 1.5 chip (NIP) 
MA-47086 30 80 40? 1.5 limiter 
MA-47090 54 80 .30? 1.8 limiter 
MA-47411 132 80 207 1.5 limiter chip 


MA-47088 
MA-47890 


30 
Note 5 


1.8 
0.2 


Note 4 


MA-47891 Note 6 1200 2.0 0.3 Note 4 
MA-47892 Note 6 1200 1.0 0.4 Note 4 
MA-47893 Note 7 1200 20 0.8 Note 4 
MA-47894 Note 7 1200 10 1.0 Note 4 
MA-47895 Note 8 600 70 0.4 Note 4 
MA-47896 Note 9 600 .20 0.7 Note 4 
MA-47897 Note 9 600 10 1.0 Note 4 
MA-47898 Note 9 300 .20 0.9 Note 4 


MA-47899 Note 9 


300 10 1.0 Note 4 


NOTES: 
1. 


Breakdown Voltage is measured at —10 LA. 


. Capacitance is measured at —20 Volts. 


. Junction capacitance - measured with sufficient bias to 
deplete the | Region. 


. The complete mode! number includes a suffix that 
describes the case style. 


. Available in Case Styles 131 and 150. 
. Available in Case Styles 181, 109 and 150. 
. Available in Case Styles 131, 30 and 109. 


. Available in Case Styles 131, 30,54 and 109. 


oon na 


. Available in Case Styles 131, 30 and 54. 


(Continued on following page.) 
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CONTROL DIODES 


CASE STYLES 


TYPICAL 
=.18 nH 
be 


TYPICAL 
= 2.5 nH 
Ly 
= .05 pF 
Cc, P 


TYPICAL 
= .60 nH 
Lp 


oa a 
[otto [o130 [2.704 T 3,302 ] 


TYPICAL 
Ly = .80 nH 


18-28 


ANNEALED COPPER c, = .04 pF 
NO PLATING 


2.040 RAD REF 
MINOR DIA. 
8-32 UNC-2A 


.GOLD PLATED 
Te COPPER 


Prager 
EMERG RIT 
| 0 [1.000 _| 


[aT os0” [035 To, [ove Tose | 
| 030 | 035 | 
| ¢ | 008s | or0s | Foor | ace | 


were ro.s0e T one | 609 
| 8 | 020 [oa [oso8 | 0,600 | 
Te {003 [00s 0076 | 0.352 | 


Not to scale. NOTE: © Denotes Cathode End. 
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Broadband PIN Attenuators - MA-8342 Series 
Broadband SPST Switches - MA-8343 Series 


Broadband SPDT Switches - MA-8345 Series 


Microwave Associates, Inc. 
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DESCRIPTION 


MA-8342, MA-8343, and MA-8345 broadband modules are designed for broadband applications in stripline and coaxial 
circuitry. These solid state devices are fabricated with PIN diode chips, integrated into a hermetically sealed 50 ohm 
structure. This eliminates the circuit parasitics associated with more conventional devices (and their interconnections), 
allowing improved broadband performance. All internal contacts are welded or thermal compression bonded to 
guarantee reliable operation. These modules meet the full requirements of MIL-E-5400. 


Broadband 
Module Attenuators 


CASE STYLES 


MA-8342 Series 


802 1 
241 - 251 


241 -.251 7 
6,12 - 6,38 6,12 - 6,38 


= —zil 


058. oe | nee 827 837 , 7 _.067 kee 745 -.755 a 


13,39 - 13,64 1,50 - 1,70 18,92- 19.18 


CONTROL DIODES 


NOTES: 


. Material is kovar or copper with gold plating. 
. The housing is fabricated with glass to metal hermetic seals. 


INCH 
MM 


ELECTRICAL CHARACTERISTICS @ T, = 25°C 


Max. Mid-Band Attenuation (dB) at 
Module Frequency Current Max. Loss Max. Specified Bias Current 
Model Case Range Rating’ at OV Bias VSWR 0.2 0.5 2.0 10 
Number Style GHz mA dB at OV Bias mA mA mA mA 


MA-8342-0006 819 2-4 1.7 2.0 13-17 25-30 50-56 70min. 
MA-8342-0008 819 4-8 2.0 2.25 9-13 19-25 42-48 65min. 
MA-8342-0005 802 8-18 2.5 2.0 11-15 22-28 46-52 60 min. 


NOTES: 


1. All devices exhibit a breakdown voltage in excess ot 50 volts. . The attenuation at a specified bias level will vary less than 
2. Switching speed: 40 nsec, max (10% - 90% RF waveform) +10% of the mid-band attenuation over the frequency range. 
3. The attenuation as a function of bias current is specified at the Typical performance is shown. 
mid-band frequency. Typical performance is shown. 6. Alternate attenuation current available on request. 
4. The maximum total current rating includes the combined RF, 7. Special designs available on request. 
CW, and DC bias currents. : 


fe] MICROWAVE ASSOCIATES, INC. sBurtincTon. MASSACHUSETTS 
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TYPICAL PERFORMANCE CURVES FIGURE 2 MA-8342-0006 ATTENUATION FLATNESS 


FIGURE 1 MA-8342-0005 ATTENUATION VS. BIAS CURRENT 


ATTENUATION 
VALUE AT 
FREQUENCY = 13 GHz ‘ 17 GHz 


TYPICAL 
PERFORMANCE 


“— 
ee 


ATTENUATION-dB 
ATTENUATION dB 


. PERFORMANCE 
SPECIFICATION CURVE 


LIMITS 


1 2 
BIAS CURRENT mA 12 13 14 15 16 17 
FREQUENCY GHz 


FIGURE 3 MA-8342-0006 ATTENUATION VS. BIAS CURRENT 


FIGURE 4 MA-8342-0008 ATTENUATION VS. BIAS CURRENT 


FREQUENCY = 3 GHz 


FREQUENCY = 6 GHz 


TYPICAL 
PERFORMANCE 


TYPICAL 
PERFORMANCE 
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ATTENUATION dB 


SPECIFICATION LIMITS oreo es 


eoasSk SRS FS FBT 


A 1 2 
1 2 BIAS CURRENT mA 
BIAS CURRENT mA 


APPLICATION NOTES 
Switching Requirements 


Bias normally applied externally to the module attenuator, The module can be supplied with a DC blocking capacitor 
at one end. This can be obtained by adding the suffix 005 to the part number, 


oc 
8 


TYPICAL BIAS CIRCUITRY 


The attenuator is in the low loss state upon the application of zero or negative bias. Positive bias current is required 
for attenuation, with attenuation increasing with current. However, it should be noted that excessively high bias 
current results in slower switching time. 
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Broadband SPST Switch 
Module Switches MA-8343 


CASE STYLES 


= 


241-251 241 - 251 
6,12 - 6,38 


ae 
005 deSeeg, 40 - 3,! Sens het ee +3 
NOTES: oe aor Moon] eum 537 4 


1,80 - 1,70 8,26 - 8,51 9- 13,64 


INCH 
3. aviv 
1. Material is kovar or copper with gold plating. 


2. The housing is fabricated with glass to metal hermetic seal. 
Not to scale. 


CONTROL DIODES 


ELECTRICAL CHARACTERISTICS @ Ty, = 25°C 


Module Max. 
Model Case Current eee: Test Frequency, GHz Bias 
Number Style Parameter 0.5-1 1-2 24 48 8-12 12-18 Conditions 


[ oxtos.as | 04 | o4| osfos| oo] 10 | ov 
SE BY A 
A A 


Ov 
OV 


aE 
a3 Tes [es [00 130m 
75} _2. 
= 


MA-8343-0001 


600 Max. VSWR +6V 


Min. Isolation, dB —30mA 


MA-8343-0006 


MA-8343-0005 E 


NOTES: 


1. All devices exhibit breakdown voitage in excess of 50 voits. 3. The maximum total current rating includes the combined 
2. Switching Speed: 40 nsec, max. (10% - 90% RF waveform) RF, CW, and DC bias currents. 
4. Special designs available on request. 


Figure 1 ; Figure 2 


TYPICAL 


SPECIFICATION 
LIMITS 
SPECIFICATION 
LIMITS. 


Loss a8 


TYPICAL 


SPECIFICATION 
LIMITS 


8 9 10 At 32 130 («14° «15 1% 7 8 9 10 Wy 12 Wy 14 16 
FREQUENCY GHz FREQUENCY GHr 
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APPLICATION NOTES 

Switching Requirements 

Bias is normally applied externally to the module switch. The module can be supplied with a DC blocking capacitor at 
one end. This can be obtained by adding the suffix -005 to the part number. 


oc MODULE 
SWITCH 


OUTPUT 


INTERNAL DC 
BLOCK (OPTION 005) 


aparece CATHODE 
ao GROUNDED 


BIAS SHOWN 


INPUT 
FIGURE 1 TYPICAL BIAS CIRCUITRY 
The switch is in the low loss state upon the application of zero or negative bias. Positive bias current is required for 
isolation with attenuation increasing with current. However, it should be noted that excessively high bias current 
results in slower switching time. 


Power Handling Capability 
The power handling capability of the switches are dependent on the pulse length, duty cycle, attenuation condition, vol- 
tage rating of the diodes and the bias applied. 


The maximum applied reverse voltage (combination of the peak RF voltage and DC bias) should not exceed the 
breakdown voltage. 


Maximum power can be handled using the switches full on or off. The power rating is reduced, should the switch be 
biased to an attenuation level in between. High isolation switches typically reach minimum power handling at an at- 
tenuation level = 10 dB. The derating curve is shown in Figure 3. . 


Power handling must be derated with temperature, 

and is shown in Figure 4 FIGURE 4 INCIDENT POWER DERATING 
CURVE VS. CASE TEMPERATURE 
REFERENCED TO °c 


FIGURE 3 POWER HANDLING CAPABILITY 
VS. ATTENUATION 


1 be Pulse 
-001 Duty 


i 


POWER WATTS 


1 10 100 
ATTENUATION dB 


DERATE INCIDENT POWER BY 
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Broadband 
Module Switches 


CASE STYLE 806 


Maximum Loss 
at —30 mA 
dB 


MA-8345-0001 2.0 
MA-8345-0002| 0.7 0.8 1.3 1.5 
MA-8345-0003] 0.7. 1.0 1.3 2.0 2.5 


Switching Speed: 300 nsec. max. 
Power Rating: 250 mW max. C. W. 


TYPICAL PERFORMANCE CURVES 
MA-8345-0003 


Figure 1 


SPDT 
MA-8345 Series 


Lroo | 2 
NOTES: 


1. Material is kovar or copper with gold plating. 
2. The housing is fabricated with glass to metal hermetic seals. 


Maximum VSWR 
at —30 mA 


Frequency GHz 


2.0 
1.75 1.75 2.0 
50 45 5 1.75 1.75 2.0 2.0 


Figure 2 


ISOLATION dB 


1 2 3 4 5 6 7 8 9 W W 12 13 14 «15 16 «17 «18 
FREQUENCY GHz 


CONTROL DIODES 


APPLICATION NOTES: 
Switching Requirements 


OC 
RFE ~ RETURN 


CHOKE 
DC BLOCK 


COMMON 


Figure 3. Typical Bias Circuit 
Bias is applied externally to the module switch. 


Arm A is connected to the common arm when negative current is applied to Bias A and positive current és applied to 
Bias B. 


Arm B is connected to the common arm when negative current is applied to Bias B and positive current is applied to 
Bias A. 


Switching Speed 


The switching time from arm A to arm B is the time between the instant the RF signal in arm A has dropped 0.5 dB 
below the normal insertion loss until the RF signal in arm B has risen to 0.5 dB of its final insertion loss. 


The fastest switching speeds can be realized by using a “spiked’’ waveform. For example, to connect arm B to the 
common arm, the following waveforms would be required. 


ARMA ARMB 
OUTPUT OUTPUT 


> 8 
o a 
CONTROL 
CURRENT 
BIAS A 


@B BELOW 
g 
°o 


INSERTION LOSS 


= 
id 


SWITCHING TIME - ns 


CONTROL 
CURRENT 
BIAS B 


Figure 4 Figure 5 
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Microwave 
Tuning 
Varactors 


Silicon, MA-45000 Series 


GaAs, MA-46600 Series 
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Silicon 
Tuning Varactors 


DESCRIPTION 


This series of silicon tuning varactors is designed to obtain the highest Q and largest capacitance change with bias by 
an essentially abrupt junction. High reliability, close capacitance tracking between diodes and a very low leakage 
result from Microwave Associates’ ‘‘passivated metalized mesa’ technique. These diodes are available in ceramic 
packages as well as the case style 54 glass package. 


ELECTRICAL CHARACTERISTICS @ Ta = 25°C 
Microwave Ceramic Tuning Varactors 


MA-45000 Series 


Case Style 30 


4 
Min. O Model 
Number Ratio 
60 Volt Series Co/CEo 


MA-45121 : 4.5 
MA-45122 ‘ 5.0 


GENERAL CHARACTERISTICS 


Microwave Ceramic Tuning Varactors CASE STYLE 30 


5 V Greater 
Voltage than Voltage 
rye iia 


Revere oe ve Current uAdc 
e ieee 
Soe ae 
(Excess ncn ae 


ICase Capacitance Capacitance 


Diode Capacitance VR pos on —— 
Temperature Coefficient f= 1.0 MH 


MICROWAVE ASSOCIATES, INC. BurtincTon, MASSACHUSETTS 
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ELECTRICAL CHARACTERISTICS @ T, = 25°C 
Microwave Glass Tuning Varactors 


Case Style 54! 
Total ° Capac. Total ° Capac.’ : 
Capac. Ratio Min.’ Capac. Ratio _ Min. 
Model @-4V Min. Typ. Q Model @-4V Min. Typ. a 
Number pF Ca/Cag Co/Ca5 @-4vV Number pF Ca/Cgéo9 Co/Cen @-4V 


45 Volt Series 
MA-45165 


60 Volt Series 
MA-45156 


2.7 3.3 


MA-45166 3.3 2.4 5.5 2000 MA-45157 4.7 2.8 6.5 1500 
MA-45167 4.7 2.4 5.5 2000 MA-45158 6.8 2.8 6.5 1500 
MA-45168 6.8 2.6 5.5 1500 MA-45159 8.2 2.8 6.8 1200 __ 
MA-45169 8.2 2.6 5.5 1500 MA-45160 10.0 2.8 7.0 1000 


MA-45170 
MA-45171 


MA-45161 


CONTROL DIODES 


NOTES: 


. On special order, these devices are also available in other case styles including 31, 94, 96, 108 and as chips. 


2. Total and capacitance ratios will vary with different packages due to different package parasitics. This is shown by comparison of fig 
ures § and 6 which allow the determination of total capacitance ratios between any two voltages for the case styles 30 and 54 
respectively. 


3. Typical capacitance tolerances are + 10%. Tighter tolerances may be obtained by adding suffix: 


A = +5% 
B= n% 


3.3 GHz. 
4. Diode Q is measured at 3.3 GHz and extrapolated down to 50 MHz by: Qa Qa ee 


50 MHz ~ 3.3 GHz 59 mHz 


Case Style 54 


Reverse Breakdown Voltage: 
60 V Series 
45 V Series 
Reverse Leakage Current: 
60 V Series 


VR=55V, Ta=25C 
VR =55V, Ta=150°C 
Va=40V, TaA=25C 
VR=40V, Ta=150°C 


Series Inductance 
(Excess Inductance} 


f = 500 MHz, 
lead length = 1/16” 


Diode Capacitance 
Temperature Coefficient 
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TYPICAL PERFORMANCE CURVES 


FIGURE 2 MA-45107 
FIGURE 1 TYPICAL CAPACITANCE VS. REVERSE BIAS REVERSE CURRENT VS. REVERSE BIAS 
120 


TOTAL CAPACITANCE, Cr pF 
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FIGURE 3 TUNING VARACTOR Q AT 50 MHz 
VS. REVERSE VOLTAGE 


FIGURE 4 TYPICAL CAPACITANCE CHANGE VS. TEMPERATURE 


% 


Q AT 50 MHz 
CAPACITANCE CHANGE 


TEMPERATURE 


REVERSE VOLTAGE VOLTS 
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TYPICAL PERFORMANCE CURVES (continued) 


fm A a 
if Hi = HTN 


HRB 


CONTROL DIODES 


Ea ty ae ni 
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pia 


iH 
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VOLTAGE (V) VOLTS 


FIGURE 5 CAPACITANCE CHANGE RATIOS FOR SILICON TUNING VARACTORS IN CASE STYLE 30 
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FIGURE 6 CAPACITANCE CHANGE RATIOS FOR SILICON TUNING VARACTORS IN CASE STYLE 54 
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GaAs 
Tuning Varactors 


DESCRIPTION 

The MA-46600 series of tuning varactors are abrupt junction gallium arsenide devices featuring “’O factors” in excess 
of 4000. This series is specifically designed for broadband high Q tuning performance from VHF through Ka-band. 
High reliability, low leakages and close capacitance tracking between diodes is typical of these devices. Standard 
capacitance matching is +10% but closer matching is available on request. All diode types are available in a wide 
selection of ceramic packages as well as in chip form. The series is available in three minimum breakdown voltage 
ranges: 30 volts, 45 volts and 60 volts. 


MA-46600 Series 


ELECTRICAL CHARACTERISTICS @ Ta= 25°C 


Va" 30 VOLTS 
Cro (PF) (Capacitance Range)! 


MA-46603-D MA-46604-D 
MA-46603-E 


CrolPF) (Capacitance Range)! 
[ee [ite [vt | sm aa [ame a 


MA-46611-D MA-46613-D 


MA-46610-D 
MA-46610-E MA-46611-E MA-46613-E 
MA-46611-F 


Vp = 45 VOLTS 


MA-46612-0 
MA-46612-E 
MA-46612-F 


MA-46614-D 


MA-46610-F 


MA-46610-G 
MA-46610-H 


MA-46611-G 


Cro (PF) ; 


pacitance Range)’ 


I ME 


MA-46620-D 
MA-46620-E 
MA-46620-F 


NOTES: 


1. 


Customer should specify, within the range indicated, 

the required capacitance. The nominal tolerance is 
£10% of the customer requested value. Closer tolerances 
are available on request. 

All GaAs Tuning Varactors are available in the cases 
indicated in this bulletin as well as in chip form. When 
ordering, specify the desired case by adding the case 
designation as a suffix to the type number. For example: 
an MA-46601-E-30 specifies a 30 voit tuning diode in the 
ODS-30 package with a Cro between 1.000 and 1.499 


and a Q (at —4 volts and 50 MHz) 5000. 


Capacitance is measured at 1 MHz on a bridge which 
has been balanced with a shielded test holder connected 
in place but open circuited. 
All junctions are abrupt. i. e. = 2 .50 

n 


where c ive 


jx 


Total capacitance ratios will vary with case choice due 


MA-46621-D MA-46622-D MA-46623-D MA-46624-D 
MA-46621-E MA-46622-E MA-46623-E 
MA-46621-F 

MA-46620-G 


to differences in case capacitance (c,). Figures 2 


and 3 show typical ratios for the M/A 30 and 155 
case styles respectively. 
Case parasitics (c, and L,) are given along with 


case outlines elsewhere in this bulletin. The cy 


values listed typically have tolerances of +.02 pF. 
However, the actual case capacitance of each diode is 
measured to within +.0025 pF. 

Diode Q is measured by the DeLoach Technique and 
extrapolated to —4 Volts, 50 MHz. 

All GaAs tuning diodes are subjected to a 48 hour 
100°C electrical burn-in before final tests. During this 
Period each device is stressed 60 times per second 
with 30 mA in the forward direction and 5 volts in the 
back direction. 

Parasitic inductance ()) has been determined at 


X-Band using a DeLoach method measurement. 
Breakdown voltage (Ver) is measured at —10 MA. 


The shielded test holders used for capacitance 
measurements are available for purchase. 


MICROWAVE ASSOCIATES, INC. sur.incton. MASSACHUSETTS 


PERFORMANCE CURVES 
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REVERSE VOLTAGE 


FIGURE 1 TEMPERATURE COEFFICIENT OF GaAs TUNING DIODES 
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CONTROL DIODES 


TYPICAL PERFORMANCE CURVES (continued) 
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VOLTAGE (Vv) VOLTS 


FIGURE 2 CAPACITANCE CHANGE RATIOS FOR GaAs TUNING VARACTORS IN CASE STYLE 30 
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VOLTAGE (V) VOLTS 
FIGURE 3 CAPACITANCE CHANGE RATIOS FOR GaAs TUNING VARACTORS IN CASE STYLE 155 
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TUNING VARACTOR CASE STYLES 


TYPICAL 
bb = 60 nH 


cG =,18 pF 


TYPICAL 
4 = .60nH 


c =.18 pF 


TYPICAL 


TYPICAL 


NOTE: 1. Silicon only. 


@ Denotes Cathode End. Not to scale. 


TYPICAL 
by = .400H 


= 30 pF 
co 30 p! 


TYPICAL 
l, = 40 nH 


TYPICAL 
C. =.17nH 


oo -15 pF 


TYPICAL 


TYPICAL 
“4p = .30 nH 
C, = .27 pF 


CONTROL DIODES 


TYPIAL Ll =.16nH 


re [ oper coroner, | 


TYPICAL 
by =.20nH 


c" :23 pF 


TYPICAL 
ts = 40 nH 


| 297 _| 

[1,62 _ | 

| 040 | 

1.40 | 

442 

[1.96 _| 
Q, 


84 REF. 


TYPICAL 
be = .40nH 


C, = -24 pF 


| 016 | oz f o41_| 
Pc | 06s} .065 [itso [v.05 | 
BBR Be Ee 
Ee 
PF | 077 [oes J 06 | 21 
Lo | ossrer. J oss ner. | 


TYPICAL 


NOTE: 1. Silicon only. 


Not to scale. ® Denotes Cathode End. 
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Tunnel Diodes 

for 

Switching 

Applications a 
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Germanium 
MA-46100 Series 


Gallium Arsenide 
MA-46550 Series 


ne 


Microwave Associates, Inc. U1 


FEATURES 


High speed switching at low power levels 

Low power usage 

High radiation resistance 

Tightly controlled parameters 

Hermetically sealed packages useful in printed circuit board or stripline applications 
Low-noise RF oscillator applications with low power consumption 

Higher power output from GaAs oscillator diode than from a germanium oscillator diode 


Switching Germanium MA-4C100 Series 


Tunnel Diodes Gallium Arsenide MA-4C€550 Series 


CASE STYLES 


TYPICAL 
L. =0.3 nH 
p 


Post] 
ier Pe Tocas [ooss Jose | 140 


CYLINDER 


CONTROL DIODES 


TYPICAL 

L_ =0.5 nH 
p 

c, = 0.45 pF 


Pa [oor | oceo [178 [220 
(8 | 0.090 | 0.110 | e209 f 278] 75 
| c_joor | coz To48 | 056 _| 
| 0 | +.000 | - | 


fase | -_] 
aE Ee 
@ Denote Cathode End Not to scale. 


ENVIRONMENTAL RATINGS PER MIL-STD-750 MAXIMUM RATINGS @ Ta = 25°C 
Method 

Temperature, Storage 1031 See max. rating 

Temperature, Operating - See max. rating CW Dissipation (RF) 


(unless otherwise specified) 


20 mW 


“ 10 eycles DC Current Note 1 
Temperature Cycling 1051 —65°C to +100°C Temperature, Storage —65°C to +100°C 


Shock 2016 1200 9's Temperature, Operating —65°C to +100°C 
Vibration 2056 20 g‘s 


Constant Acceleration 2006 20,000 g’s 
Humidity 1021 10 days 


NOTE: 


1. DC Current: 
Germanium: 5.0 MA (or 2X Ip whichever is greater) 


Gallium Arsenide: Forward Current (IF) must be restricted to a value in milliamps equa! to or less than one 
half the junction capacitance in pF. 


MICROWAVE ASSOCIATES, INC. BURLINGTON, MASSACHUSETTS 
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ELECTRICAL CHARACTERISTICS @ Tg = 25°C 
JEDEC TYPE GERMANIUM DIODES 


ODS-182 ODS-183 


Type 
ae 


Type 


1N3128 5.0 15 1N3712 1.0 10 
1N3129 20.0 20 1N3713 1.0 5 
1N3130. 50.0 25 1N3714 2.2 25 
1N3847 5.0 25 1N3715 2.2 10 
1N3848 10.0 26 1N3716 47 50 
1N3849 20.0 30 1N3717 47 25 
1N3850 50.0 40 1N3719 10.0 50 
1N3851 100.0 40 1N3720 22.0 150 
1N3852 5.0 16 1N3721 22.0 100 
1N3853 10.0 15 
1N3854 20.0 20 
1N3856 100.0 25 
1N3857 5.0 8 
1N3858 10.0 8 
1N3859 20.0 10 


1N3860 


GERMANIUM $= Switching Diodes 


Ip? c Typ. Typ. Typ. ‘ 
1 . 
M/A KMC Us Tolerance k v, vy vy NOTES: 
Type Tyee ma % typ." _ max. mV mvs mv 1. | /1 >6:1 on all types. 
er ee “ "pov . re 
MA-4C100 G0500.5 0.5 5 0.8 1 2. Ib can be held to tolerances of up to 13% 
MA-4C102 G0000.5 0.5 10 1.0 2 50 320 460 
MA-4C103 G05001 1.0 5 1.0 2 (please specify). 
MA-4C104 G00001 1.0 10 2.0 3 60 340 460 3. 1_/C can be varied from % to 3. 
MA-4C105 G05005 5.0 5 25 3 P 4 
MA-4C106 G00005 5.0 10 3.5 5 70 380 480 4. Ve can be selected approx. 25% to meet 
MA-4C107 G05010 10.0 5 4.0 5 shee falcon ulcatnants 
MA-4C108 G00010 10.0 10 6.0 10 80 360 500 Pecial requir ; 
MA:AC109 G0s020 20.0 5 6.0 10 5. Available in ODS-182 and 183. 
MA-4C110 G00020 20.0 10 15.0 20 90 370 540 
MA-AC111 G05050 50.0 6 20.0 25 6. When ordering, specify the desired case 
MA-4C112 G00050 50.0 10 40.0 50 100 380 ~=—-565 jeboleaniicae teak ; 
MA-4C113 G00100 100.0 10 60.0 100 110 390—S 575 style by adding the case designation as a 
MA-4C114 G00200 200.0 10 125.0 200 120 400 ~=—-5580 suffix to the part number. 


GALLIUM ARSENIDE Switching Diode and RF Oscillator Diodes 


. Typ. Typ. 
Ip? T Typ 
(| : V, 
M/A kMc o Tolerance pF YY WY MY 
Type Type mA % typ. max. mV mv mV NOTES: 
SEES ——_—_—_—_—_——————_— — — 
MA-4C550 A0500.5 0.5 5 08 1 1 Iy > 12:1 on all types. 
MA-4C551 0000.5 0.5 10 1.0 2 100 500 950 er 
MA-4C552 05001 10 5 10 2 2. Ib can be held to tolerances of up to 13% 
MA-4C553 00001 1.0 10 2.0 3 115 510 = 1000 (please specify). 
MA-4C554 05005 5.0 5 25 3 
MA-4C555 0000s 5.0 10 35 5 135 §20 1050 3. 1,/¢ can be varied from % to 3. 
MA-4C556 05010 10.6 5 40 5 +a Ro, 
ca lec x. £25% to meet 
MA-4C557 00010 10.0 10 60 10 155 530 = 1100 Vi, can be selected appro abrete 
MA-4C558 A05020 © 20.0 5 80 10 special requirements. 
MA-4C559 A00020 = 20.0 10 15.0 20 175 635 91125 
MA-4C560 A0S050 50.0 5 20.0 26 5. Available in ODS-182 and 183. 
MA-4C561 A00050 =: 50.0 10 40.0 50 195 540 1150 7 , , 
Wh ri acify the desired case 
MA-4C562 A00100 =: 100.0 10 60.0 100 205 545 «1175 en ordering, specify 
MA-4C563 00200 = 200.0 10 125.0 200 225 550 = 1200 style by adding the case designation as a 
— 1N3118 10.0 10 10.0 20 180 600 1100 j 
— 1N3138 50.0 5 20.0 30 suffix to the part number. 


All specifications are subject to change without notice. 
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SELECTION GUIDE-GUNN DIODES 


Applica- Police Radar Communications 
: F 7 Broadband YIG ; 
tion Intrusion and other Communications ‘ Transmitter Paramp 
: ; Tuned Oscillator 
Alarm Motion Local Oscillators and Pump 
: or VCO a 
Detection Power Amplifier 
MA-49152 MA-49136 MA-49140-118 MA-49137 
MA-49137 MA-49137 MA-49145 
MA-49153 MA-49138 MA-49146 
MA-49147 
MA-49148 
MA-49508 MA-49107 MA-49106 MA-49117-118 MA-49110 MA-49109 
MA-49618 MA-49157 MA-49107 MA-49183 
MA-49158 MA-49109 MA-49184 
MA-49508 MA-49189 
MA-49162 MA-49162 MA-49122 MA-49126-118 MA-49 124 MA-49124 
MA-49163 MA-49163 MA-49123 MA-49126-138 MA-49164 
MA-49122 
MA-49123 


MA-49628 MA-49179-118] MA-49128-138 MA-49178 MA-49179 
MA-49179-118 MA-49180 
MA-49180 


MA-49172 MA-49177 MA-49172 
MA-49173 
MA-49177 


oe MA-49181 MA-49181 


MA-49182 MA-49182 
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Low and Medium 
Power 
Gunn Diodes Bulletin 4551 


Motion Detector Applications 


Low Noise Oscillator Applications 


Microwave Associates, ne ES 
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POWER GENERATION 
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DESCRIPTION 
These GaAs Gunn Diodes, designed to operate through bulk negative resistance effect, feature low FM and AM noise 


characteristics, and accomplish a one-step conversion from DC-to-microwave energy from a single low voltage supply, 
thereby eliminating complex circuitry. 


APPLICATIONS 


Microwave Associates Gunn Diodes are ideally suited for use in low noise sources such as local oscillators, locking 
oscillators, low power radar applications, and motion detection applications. 


FEATURES 


@ Low AM/FM Noise Characteristics 
@ Low Voltage Operation 
@ Case Style Flexibility 
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Low and Medium Power 
Gunn Diodes 


CASE STYLES 


Not to scale. Denotes Cathode End. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: —60° to +175°C 

Active Region Temperature: 260°C 

ELECTRICAL CHARACTERISTICS (At diode case temperature of 25°C) 
CATHODE HEAT SINK DIODES 


AM Noise” 
Volts RMS Mitlivolts RMS 
mW : 


sala [ale [se 

MA-49158 10.0 450 | 650 
ee ee 

MA-49107 10.0 450 | 650 
ae eee 

MA-49163 8.0 | 10.0 {500 | 750 
eed. 

MA-49123 ___{|_8.0}10.0 {500 |750__ 22 | 

ANODE HEAT DIODES 


9.4 or 10.525 MA-49618 
9.4 or 10.525 MA-49508 
22 MA-49628 
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AND AMPLIFICATION 


NOTES: 


1. Power is measured into a critically coupled load at a gain of 1000 across the band 300 - 5000 Hz. The Gunn 
customer specified single frequency in the indicated range. oscillator power supply is assumed to have a ripple 

2. The AM noise of the Gunn diodes follows approximately voltage not exceeding 0.2 mV RMS. It is also assumed 
a 1/f law close to the carrier. For a system application, that 0.5 mW of RF power is incident on the detector 
the absolute noise in terms of dB below carrier in a given {type MA-40074), of sensitivity 80 mV/mW. 
bandwidth is of little value. Hence, the AM noise is . M/Awill provide engineering drawings of the test 
specified in terms of the RMS voltage output of an cavities upon request. Also, we wil! provide technical 
amplifier with a voltage gain of 100,000 across the band assistance in the specification and selection of Gunn 
5 Hz - 300 Hz (with a band rejection filter at 120 Hz) or, diodes, detector diodes and suitable cavities. 
as the RMS voltage output of an amplifier with a voltage 
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Low and Medium Power | sow Woise Oscillator 
Gunn Diodes Applications 


CASE STYLES 


TYPICAL TYPICAL 


TYPICAL 
TYPICAL L.=.1nkH 


. F 
Cc” 18p 


Not to scale. @ Denotes Cathode End. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: —60° to +175°C 
Active Region Temperature: 260°C 
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ELECTRICAL CHARACTERISTICS @ 25°C 
CW GUNN DIODES (CATHODE HEAT SINK) 


LOW POWER CW GUNN DIODES 


Frequency” 
Range Min. P out' Vop Volts 


GHz mw 


lees 
ee) | 250 500 
Ee He eee 
MA-49157 8 300] 450 | 650 
Gaal 
MA-49106 300} 450 | 650 
eae aE ee 
MA-49162 300; 500 | 700 
ee ee ee 
MA-49122 300} 500 | 700 
MEDIUM POWER CW GUNN DIODES 
[> exe] = sie lek 
MA-49154 700 _{1000 
ieee ae eee. 
MA-49138 1000 
ee 
MA-49159 750 f1050_{1500 
eee Ss eee 
MA-49109 750 j1050 {1500 
tee a ee eee 
MA-49164 Tete 50 {1150 |1700 


12.4-18.0 MA-49123 


MA-49124 


NOTES: 


1. The minimum power is guaranteed into a critically 
coupled load at a single frequency to be specified by the 
customer within the indicated band. 


. Specific frequency should be specified by the customer. 


8 
500 | 750 
850 1150 _}170C 1700 
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AND AMPLIFICATION 


TYPICAL PERFORMANCE CURVES 


10.1 GHz 
100 Hz 


FIGURE 1 DC CHARACTERISTIC 


o 


C-Band V7 = 4.0V 

X-Band Vy %3.0V 

Ku-Band V; @2.8V | Operating: 

K-Bend Vz %2.2V ' 1 
T 

Ka-Band Vy %1.7V ' Range 


Bias Current mA 


FREQUENCY OFF CARRIER kHz 


FIGURE 3 AM NOISE SPECTRA FIGURE 4 TYPICAL OUTPUT POWER 


VS TEMPERATURE 
100, 


= 10.1GHz 


Power Output mW 


SIGNAL TO NOISE RATIO dB 


oo 
a 
108 108 
FREQUENCY HERTZ 
Temperature °C 


FIGURE 5 TYPICAL OUTPUT POWER FIGURE 6 TYPICAL FREQUENCY VARIATION 
VS BIAS VOLTAGE WITH VOLTAGE 


8 


X-Band Diode 


Frequency Shift MHz 


0 
Bias Voltage Volts Bias Voltage Voits 
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Vig Oscillator, 
— Gunn Diodes | varactor Tuned Oscillator 
Applications 


ELECTRICAL CHARACTERISTICS @ 25°C 


Frequency 
Range 
GHz 


Min. P out *]| Vop Volts 


5.0 - 8.0 MA-49140-118 
8.0 -12.4 MA-49117-118 
12.4 - 18.0 MA-49126-118 
12.4 - 18.0 MA-49126-138 
18.0 - 26.5 MA-49128-138 


* Critically coupled at discrete frequencies across the band. 
NOTES: 


1. Each diode is supplied with operating data: threshold -. Bellows or prong cap for the ODS-111 package Is available 
voltage and current, operating Voltage and current, on special request. 
frequency, power. . These diodes sre designed to operate within a heat sink 
- Maximum threshold current is 1.5 times the maximum temperature of 54 to +78°C. 
operating current (see aiso application note). 


DIODE MOUNTING PROCEDURE 


The mount used for the diode must provide an adequate thermal path away from the diode stud. During initial 
operation it is always advisable to monitor the diode case temperature, (T,), by means of a thermocouple placed 
in the screw driver slot at the base of the diode case. As the bias voltage is slowly increased from zero volts, the case 
temperature should be monitored to ensure adequate heat sinking. As a rule of thumb, the heat sinking is probably 
adequate if the threshold current measured in the actual oscillator is more than 95% of the threshold current indicated 
in the accompanying data sheet. (The threshold current is an inverse function of junction temperature). If the 
junction is too hot because of an inadequate heat sink, the threshold current will decrease to less than 95% of the 
quoted value. The current through the diode below the threshold is given by: 
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AND AMPLIFICATION 


Cc 
I Ta 
current 

absolute temperature 

constant depending on material (typically 1.0 - 1.3) 
a proportionality constant 


The current flow is very sensitive to junction temperature. 


Diodes in threaded packages should be securely tightened into a clean, sharply tapped 3 - 48 UNC 2A threaded hole 
in a copper mount. A torque of approximately 6 inch-ounces should be used in tightening the diode. As an alternative 
mounting process the diode may be soldered into the mount, using a minimum of clearance for solder between the 
diode and the. mounting hole. The diode and mount should be degreased and tinned with solder before the insertion of 
the diode. We recommend use of a 60-40 eutectic lead-tin solder with a melting point of ~ 180°C. Diodes in prong 
packages should be soldered in or securely gripped in collet clamps. 
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APPLICATION NOTES 


1. 


Power peak voltage, V 


Under pulse conditions (20 nanosecs), the Gunn diode can withstand a voltage many times the threshold voltage 
(as well as many times the operating voltage). At the switching voltage, diode pulsed current increases rapidly as 
in the breakdown phenomenon of junction devices. This switching voltage point is an indication of the quality of 
the device. Typically the switching voltage ratio to threshold voltage is (V,/V,) = 25, 

The Gunn diode is not in the true sense a “‘diode’’ However, due to construction methods, it has a preferred polarity 
of operation indicated for each type. Reversing the polarity will, in general, damage the device. For all types de- 
scribed herein, the heat sink must be the negative electrode (cathode). 

Since the threshold current varies inversely as absolute temperature, the power supply should be rated to deliver 
the threshold current at the lowest operating case temperature. 

Referring to the power output vs. bias voltage curve, Figure 2, there are 4 things a circuit engineer should be 
concerned with; the peak power, the power peak voltage, the turn-on voltage, and the shape of the curve. 
Turn-On Voltage, Vy o' is defined as the voltage at which a single frequency (close to the desired frequency) output 
is obtained from the Gunn oscillator as the power supply voltage is increased from zero to the desired operating 
voltage. (See Figure 1.) 


Figure 1 Typical MA-49107 Power Out and Frequency Vs. Bias Voltage @ 10.5 GHz and 25°C 
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ap is defined as the voltage at which the power is maximum at 25°C. Both the turn-on voltage 


and the power peak voltage vary with the operating temperature (see Figure 1). Since the Operating voltage usually is 
fixed in a system application, the variation of the power peak voltage and the turn-on voltage with temperature should 
be considered for a proper design of the Gunn oscillator. 


The turn-on voltage usually increases with decreasing temperature. At low enough temperatures the turn-on voltage 
could be higher than the operating voltage. Then the Gunn oscillator will have zero output if the bias voltage were to be 
abruptly or gradually turned on to the desired operating voltage. 


Figure 2 Typical Gunn diode Characteristics Vs. Temperature 
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APPLICATION NOTES (Continued) 


The turn-on voltage depends not only on the temperature but also on the Gunn diode and the cavity in which the 
diode is used. To minimize the variation of the turn-on voltage with temperature, it is essential that the oscillator 
be decoupled from the load. In other words, if the oscillator were to be critically coupled or overcoupled to the 
load, the turn-on voltage variation would be quite large with temperature. Also, severe moding problems would 
exist. Usually, we recommend the oscillator be decoupled from the load at least by 2 dB. 

Another factor to be considered is the coupling of the diode to the cavity. It is essential that the diode itself is 
not critically coupled or overcoupled to the cavity. 


The shape of the Power-Voltage curve is important. The curve should be smooth and free from discontinuities to 
assure that the diode is operating at only one frequency and is not moding. 


AM Noise 

Any power supply has a ripple, however small it may be, associated with the DC output. The AM noise output of 
the oscillator has two components. The first one is inherently due to the Gunn diode itself. The second one is 
associated with the bias voltage and the ripple on the power supply. In other words: 


AM noise power from the Gunn oscillator 


= Inherent noise power of Gunn diode + .AV 


when + is the slope of the power-bias curve at the operating voltage and a temperature, say T, ,and AV is the 


bias supply ripple voltage. At a different temperature, the slope of the power-bias curve will be different. If the 
slope is larger, then the AM noise output will be larger for this same ripple voltage. Conversely, if the slope were 
smaller, the AM noise output would be lower (assuming, of course, that the inherent noise of the Gunn diode 
does not change with temperature.) 


The criteria for the slope = is the location of the operating voltage in relation to the power peak voltage. Ideally, 


the lowest noise will be realized if the operating voltage pould be adjusted at any temperature to coincide with 
the power peak voltage (see Figure 1). (This is because == = O at Vep ). Often, in low-cost system applications, 
this luxury is not available. Hence, the operating voltage has to be carefully chosen so that, as temperature 
changes, the power peak voitage is not located too far from the operating voltage. 


POWER GENERATION 
AND AMPLIFICATION 


Protective Circuit 

The Gunn diode has a broad band negative resistance. It is clear from the DC 1-V characteristics that a negative 
resistance exists even at low frequencies. This low frequency negative resistance enables the diode to act as a 
relaxation oscillator in conjunction with the bias supply leads and any stray capacitance. The frequency of the 
so-called bias circuit oscillations can extend from a few Hz to a few MHz. The amplitude of the oscillations - 
especially in high efficiency diodes - can be very high, thus giving rise to a catastrophic failure. Even if the ampli- 
tude is not high enough to cause a failure, the RF output is modulated by the bias circuit oscillations. This may 
manifest itself as AM noise on the microwave output. 


The bias circuit oscillations may be suppressed by having a protective circuit similar to the one shown in Figure 3 
connected as close to the bias lead of the oscillator as is practical. 


REGULATED 
OSCILLATOR 15 to 35 wF POWER 


SUPPLY 
at 50V 


Figure 3 Protective Circuit to Suppress Bias Circuit Oscillations 


All specifications are subject to change without notice. 
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FEATURES 


® High output power 

@ Low AM/FM noise characteristics 

® Low thermal resistance 

@ Unique fabrication method for reliable high power operation 


APPLICATIONS 


These rugged, reliable, high-power Gunn diodes are ideally suited for use either as locked oscillators or as reflection 
amplifiers in point-to-point communication links and telemetry systems. 


DESCRIPTION 


These GaAs Gunn diodes are designed to operate through bulk negative resistance effect and feature low AM and FM 
noise characteristics. They accomplish a one-step conversion from dc to microwave energy from a single low voltage 
supply, thereby eliminating complex circuitry. 
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High Power 
Gunn Diodes 


CASE STYLES 


CW Operation 


Pulse Operation 


111 


NOTE: ® Denotes Cathode (Heat Sink End) 


MAXIMUM RATINGS: 


Storage Temperature -60°C to 175°C 
Maximum Active Region Temperature 260°C 


ENVIRONMENTAL CAPABILITIES 
Microwave Associates’ high power Gunn diodes are capable of passing the following MIL: STD-750 tests: 


Test Method Test Condition 
High Temperature Storage 1031 1000 hours @ 150°C 
Temperature Cycling 1051 5 cycles from -65° to +150°C 
Thermal Shock 1056 5 cycles from 0°C to +100°C 
Shock 2016 0.5 ms pulse, 1500 G, 5 shocks each plane 
Vibration 2056 50-2000 Hz at 20 G min., 5 shocks each plane 
Constant Acceleration 2006 1 min. each (X,, Y,, Y2) plane at 20,000 G 
Moisture Resistance 1021 +25° to +65°C at 90 to 98% relative 


humidity for a 10 day period 
Fine and gross leaks 


Leakage 1071 


Electrical Characteristics at 25° Case Temperature 


DIODES FOR CW OPERATION sia Max. gas 
Frequency Min. Bias Input —- Threshold 
Model Case Range Output Power Voltage Power Current Max. * 
Number Style GHz mW Volts Watts  Amperes ATc 


MA-49139 111 4.0-8.0' 500 14.0 17.0 2.0 185 
MA-49110 114 8.0-12.4' 500 12.0 16.5 2.5 185 
MA-49145 141 4.4-5.07 1000 15.0 28.0 2.8 185 
MA-49146 141 §.9-6.47 1000 14.0 28.0 3.0 185 
MA-49147 141 6.5-7.22 1000 14.0 28.0 3.0 185 
MA-49148 141 7.1-7.97 1000 14.0 28.0 3.5 185 
MA-49183 141 8.0-10.0' 750 12.0 21.0 3.0 185 
MA-49184 111 12.4-14.5" 500 10.0 16.5 3.0 185 
MA-49185 111 4.4-5.07 500 14.0 17.0 2.0 185 
MA-49186 111 5.9-6.47 500 14.0 17.0 2.0 185 
MA-49187 11 6.5-7.27 500 14.0 17.0 2.0 185 
MA-49188 111 7.1-7.97 500 14.0 17.0 2.0 185 


10.7-11.7? 12.0 16.5 2.5 185 


MICROWAVE ASSOCIATES, INC. BuRLINGTON. MASSACHUSETTS 
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POWER GENERATION 
AND AMPLIFICATION 


DIODES FOR PULSE OPERATION 
Electrical Characteristics at 25° Case Temperature 


Min. Typ. Typ. Max. Max. Max. 
Frequency* Output Peak Peak Peak Duty Pulse 
Model Package Range Power Voltage Current Voltage Cycle Length 
Number Style GHz Watts Volts Amps Volts % us 


MA-49260 111 5.0-8.0' 45 
MA-49265 111 8.0-12.0' 5 35 


NOTES: 


+ These diodes will deliver at least the minimum specified output power into a critically coupled load at a customer specified 
single frequency within the indicated band. 
- These diodes wil! deliver at least the minimum specified output power into a critically coupled load over the frequency 
range listed in the specification table. 
3. The rise in temperature between the diode stud and the active region is defined to be A T=(P - Pout!” In actual use, the 


thermal drop between the ambiegt and the diode case must be taken into account in order to avoid exceeding the maximum 
active region temperature of 260 C. 
The maximum active region temperature may be computed as follows: 

Maximum active region temperature = @ (Pin ery +T = ambient temperature, A T 


+ At... where T =temperature 


A A H 


drop between the diode case and the ambient. ° 
In well-designed heat-sinks, the thermal! drop, AT _,, is usually tess than 30°C for a power input of about 15 watts. This is 
an important factor in the design of Gunn oscillatdts, and must be carefully considered. 

. Frequency drift during a 0.5 US pulse is typically less than 5 MHz in a waveguide cavity. 

. The technique for measuring thermal resistance b is available on request (TM-321). 

. The diode impedance as an oscillator can be measured ; this data up to 9.0 GHz can be supplied for a nominal additional 
charge. (Refer to Application Notes.) We will be glad to provide, free of charge, open and short-circuited packages of 
ODS-111 and ODS-141 for customers who would like to measure the package parasitics for reducing the impedance 
data to the chip terminals. 

+ These high power diodes are normally burnt-in for a minimum period of 48 hours at a diode case temperature (TT) of 


+ 
905°C and a dc bias voltage of een + 1.0) volts. For a nominal additional charge, diodes can be burn-in for longer 


periods as specified by the customer. 


RELIABILITY ESTIMATION 


Gunn diode MTBF can be established through use of a continuing long term life test. Diodes operating at normal 
DC bias and a case temperature of 75°C have accumulated at Microwave Associates over 6,000,000 unit hours of 
operation without failure. An estimate of the minimum MTBF at a 90% confidence level is made by assuming a 
failure to occur at the present time. Using this technique we estimate the MTBF to be in excess of 200,000 hours with 
90% confidence level. 


DIODE MOUNTING PROCEDURE 


The mount used for the diode must provide an adequate thermal path away from the diode stud. During initial opera- 
tion it is always advisable to monitor the diode case temperature, (T.), by means of a thermocouple placed in the 
screw driver slot or Hex socket at the base of the diode case. As the bias voltage is slowly increased from zero volts, 
the case temperature should be monitored to ensure adequate heat sinking. As a rule of thumb, the heat sinking is 
probably adequate if the threshold current measured in the actual oscillator is more than 95% of the threshold current 
indicated in the accompanying data sheet. (The threshold current is an inverse function of junction temperature). 
If the junction is too hot because of an inadequate heat sink, the threshold current will decrease to less than 95% 
of the quoted value. The current through the diode below the threshold is given by: 


I = current @ = constant depending on material (typically 1.0 - 1.3) 


T absolute temperature c = a proportionally constant 


The current flow is very sensitive to junction temperature. 


The diode should be securely tightened into a clean, sharply tapped 3 - 48 UNC 2A threaded hole in the mount. A 
torque of approximately 6 inch-ounces should be used in tightening the diode, in the 111 package, (10 inch ounces 
in the 141 package). As an alternative mounting process the diode may be soldered into the mount, using a minimum 
of clearance for solder between the diode and the mounting hole. The diode and mount should be degreased and tinned 
with solder before the insertion of the diode. We recommend use of a 60-40 eutectic lead-tin solder with a melting 


point of 180°C. 


TYPICAL COAXIAL OSCILLATOR CAVITY 


50 OHM LINE 
SEGMENT 


TUNING SCREW 
FOR COUPLING 
ADJUSTMENT 
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N NY 
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SLIDING SHORT PLUNGER OUnPUT CONNECTOR 
CAPACITIVE COUPLING, EXTENDING % OF THE WAY 
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TYPICAL PERFORMANCE CURVES 


FIGURE 1 TYPICAL CURRENT VERSUS VOLTAGE CHARACTERISTIC 


C BANO V_ @ 4.0to 5.5 VOLTS — MA-49139 
X BAND V_ = 2.9 to 4.0 VOLTS - MA-49110 


0.6 


BIAS CURRENT TO THRESHOLD CURRENT RATIO 


1 2 
BIAS VOLTAGE TO THRESHOLD VOLTAGE RATIO 


FIGURE 2. TYPICAL OUTPUT POWER VERSUS FREQUENCY 
MA-49110, MA-49145, MA-49146, MA-49147, 
MA-48183 


FIGURE 3 TYPICAL OUTPUT POWER VERSUS DIODE CASE 
TEMPERATURE - MA-49130, MA-49110, MA-49145, 
MA-49146, MA-49147 
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FIGURE 4 TYPICAL FM NOISE SPECTRUM — BW = 100 Hz, 
CAVITY Qa = 350 


FIGURE 5 TYPICAL AM NOISE SPECTRUM — DOUBLE SIDE 
BAND — BW = 100 Hz 
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TYPICAL LOAD IMPEDANCE REQUIRED FOR OSCILLATION AT VARIOUS 
FREQUENCIES AND POWER LEVELS (MILLIWATTS) 
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AMPLIFIER APPLICATIONS 

High power Gunn diodes are ideally suited for use as the transmitter output stage in FM and FDM communication 
system links. The low noise and long life properties of the Gunn device give it the advantage over IMPATT devices in 
these applications even though IMPATTS offer higher conversion efficiencies. Most repeater applications involve use 
of the Gunn device in an injection locked oscillator configuration, where the output frequency of the Gunn oscillator 
follows the frequency of a small circulator coupled input signal. Gain and bandwidth of such a system are related 
as follows: 

Here: ; = the locking bandwidth (both sides) 
the free running operating frequency 


the loaded Q of the oscillator 
the injected power 
the free running oscillator power 


In practice, up to 20 dB per stage of power gain is feasable with oscillator Q, as low as 12. 

High power Gunn diodes are also available for reflection amplifier service. Here, the diode is operated into a high 
impedance load such that, in the absence of incoming signhl, no oscillations occur. If a small input signal is circulator 
coupled into the test fixture, it is amplified by triggering oscillations of the Gunn dayice. In general, gain bandwidth 
products of 3 GHz per stage are possible. 


Specially selected high power gain diodes for reflection amplifier service are supplied with small signal impedance data 
to aid in amplifier design, and may be specified by adding a suffix A to the appropriate type number. 


All specifications are subject to change without notice. 
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FEATURES 

Low package parasitics 

High output power 

Low noise characteristics 

Good power and frequency stability 

High efficiency 

Reliability suitable for military applications 


APPLICATIONS 

These reliable diodes are ideally suitable for use as paramp pump sources and as transmitters in secure point-to-point com- 
munication links. The noise performance of these diodes is better than that of comparable reflex klystrons. This makes these 
high power Gunn diodes attractive for use as local oscillators. 


DESCRIPTION 


These GaAs Gunn diodes are designed to operate through bulk negative resistance effect. They feature low noise character- 
istics, good efficiency, and a one-step conversion from dc to microwave energy from a single low voltage supply, thereby 
eliminating complex circuitry. 
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REVISED SPECIFICATIONS TABLE 
Electrical Characteristics at T, = 25°C 


: Min, Cw! 
panies Output V> (volts) I, i 
Model Case Range Power BW op (mA) t_ (mA) c 


Number Style GHz mW % Min. Max. Max, ‘Max. Max, 
ee AK, __MWhaX._IMaix. 


MA-49179 118 18-26.5 50 5.0 8.0 600 1000 85 
MA-49179 138 18-26.5 50 5.0 8.0 600 1000 80 
MA-49180 118 18-26.5 100 5.0 8.0 1000 1600 130 
MA-49180 138 18-26.5 100 5.0 8.0 1000 1600 125 
MA-49178 118 18-26.5 250 5.0 8.0 1600 2500 175 
MA-49177 138 26.5-35.0 150 + 4.0 8.0 1400 2000 130 
MA-49172 138 26.5-40 50 3.5 6.0 800 75 
MA-49173 138 26.5-40 100 5 3.5 6.0 1200 1800 115 
MA-49181 138 40-50 50 2.5 4.5 16500 1800 175 
MA-49182 138 50-60 50 2.5 4.5 1500 1800 175 
a OY NO 


NOTES: 


1. The minimum indicated power is guaranteed into a critically coupled toad over the indicated bandwidth centered around the fre- 
quency specified by the customer. The customer should also specify case style (118 or 138) with the order. 
. The operating voltage, in general, decreases as the center frequency of operation increases. 
. b= (PoP out 8, where 6 is the thermal resistance in om, P,,, is the power into the diode in watts, P out is the output power & 
Ar is the temperature difference between the active region and the case. 
. The technique for measuring thermal resistance is available on request (TM-321). 


5. The mount used for the diode must provide an adequate thermal path away from the diode stud. When first using the diode, it is 
always advisable to ensure adequate heat sinking by monitoring the diode case temperature (T,) with a thermocouple placed in the 
screwdriver slot at the base of the stud. The threshold current in the actual oscillator at 25°C should not be less than 95% of the 
indicated threshold current. The current through the diode below the threshold voltage may be written | = C/T, where T is the 
absolute temperature of the junction, @is a material-dependent Parameter (whose value usually lies between 0.5 and 1.10), and Cis a 
constant. Since the current is inversely proportional to the-Junction temperature, the threshold current decreases rather rapidly with 
increasing temperature. 


. Higher power diodes are available on special request. 
7. All diodes are burnt in with a dc bias equal to Vop + 1.0 Volts, for a minimum period of 24 hours, at a minimum case temperature of 
85°C. 
All the typicat performance curves were measured in MA test cavities. Engineering drawings of these test cavities are available on 
request. 


. Case style 118 and case style 138 are both constructed only of copper. The top tid is soldered on to the ceramic. Extreme care 
should therefore be taken in soldering any lead to the lid. The temperature of the lid should not exceed 235°C for more than a few 
seconds during soldering. 


10. Case style 148 available on request, 


ne 


Absolute Maximum Ratings: 


Storage Temp: -60°C to +175°C 
Max Active Region Temp: 260°C 
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SPECIFICATIONS (Continued) 


Environmental Capabilities 


Microwave Associates’ high-frequency Gunn diodes, for operation in K and V-bands, are capable of passing the 
following MIL-STD-750 tests: 


Test Description Test Condition 
High Temperature Storage 1000 hours at 150°C 
Temperature Cycling 5 cycles from -65°C to +150°C 
Thermal Shock 5 cycles from 0°C to +100°C 
Shock 0.5 ms pulse; 1500 G; 
5 shocks each plane 

Vibration 50-2000 Hz at 20 G min. 
5 shocks each plane 

Constant Acceleration 1 min. each X,, Y, & Y, 
at 20,000 G 

Leak Tests Gross leak 
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TYPICAL PERFORMANCE CURVES 


TAGE AT 28 GH 
FIGURE 1 TYPICAL FREQUENCY VARIATION WITH VOLTAGE AT 28GHz ATS0°C =“ FIGURE 2 TYPICAL OUTPUT POWER VS. BIAS VOL z 
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APPLICATION NOTES 


The power output vs. bias voltage curve (Figure 2) illustrates that there are four things a circuit engineer should be 
concerned with; the peak power, the peak power voltage, the turn-on voltage, and the shape of the curve. 


In general, a Gunn diode should be operated at about 10% less than power peak voltage at 25°C. This is to improve the 
power stability. As the chip temperature rises, the peak output power and the peak power voltage of the diode decrease. 
If the diode is operated at less than the room temperature power peak voltage, the drop in power due to the rise in chip 


temperature will be partially compensated for by the diode operating closer to power peak voltage. The operating vol- 
tage that is usually chosen is the power peak voltage at the maximum temperature the diode will see. 


The turn-on voltage determines the lower limit of the operating voltage. To ensure cold temperature starting, the diode 
is generally biased at least 10% higher than the room temperature turn-on voltage. This is because the turn-on voltage 
increases as the diode temperature decreases. 


The shape of the Power-Voltage curve is important. The curve should be smooth and free from discontinuities to assure 
that the diode is operating at only one frequency and is not moding. 


All specifications are subject to change without notice. 
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Silicon The MA-44100 Series —- SNAP™™ Varactor 
The MA-44200 Series - DUALMODE™ Varactor 
The MA-43000 Series — RF Circuit Tested SNAP™™ Varactor 


Multiplier Varactors The MA-44000 Series — POWERPACK" Stacked Multiplier Varactor 


DESCRIPTION 

Microwave Associates manufactures four distinct families of silicon multiplier varactor diodes. Each series has an 
advantage in a particular type of circuit. All of the varactors in these series are manufactured with an “‘oxide passivated 
metalized mesa” process. This process results in a device with extremely low leakage current and excellent reliability. 
This reliability has been demonstrated on many high reliability programs. 


The diffusion profile of each family is carefully controlled to assure closely matched impedances and stored charge 
characteristics. Control of these characteristics is assured by tight double-ended specifications for lifetime, capacitance 
and breakdown voltage. All of the varactors are eutectically bonded to assure low thermal resistance. 


APPLICATIONS 


These varactors are intended for use in high power frequency multiplier circuits, harmonic generators, signal sources, 
and other signal processing applications. 


ABSOLUTE MAXIMUM RATINGS (ALL DEVICES) 
Temperature Range: 
Operating Temperature —65 to +150°C 


Storage Temperature —65 to +150°C 


ELECTRICAL SPECIFICATIONS @ Ta = 25°C 
SNAP Varactors 
Junct. Minority 
Breakdown’ Capac. @ Carrier Max. Max. Suggested Typical? 
Voltage —6V Max.® Lifetime Snap Thermal Output Freq. _ Efficiency 
Model Case Volts pF Capac. n$ Time Resist. Range as Tripler 
Number Style Min. Max. Min. Max. Ratio Min. Max. pS °c/w GHz 


MA-44100 150 250 16.0 30.0 1.4 1000 3000 3000 0.1—-1 
MA-44110 150 8.0 16.0 1.4 350 1050 0.5—1 
MA-44120 3.0 8.0 1.4 150 450 0.5—2 


MA-44130 10 35 15 60 2.0—6 
MA-44140 0.5 1.5 1.5 4.0-12 
MA-44150 0.2 06 1.5 8.0—16 


MA-44300 3.0 5.0 0.1—1 
MA-44310 1.0 3.0 0.5—3 
MA-44320 0.5 
Circuit Tested SNAP Varactors See ee 
Min. Breakdown’ Capac.@ Carrier 
Output Input Voltage —6V Lifetime Snap- Thermal 
Model Case Power F F Power Volts pF ns Time Resist. 


out in 


Number Style Watts GHz GHz Watts Min. Max. Min. Max. Min. Max. ps c/w 


MA-4B300 43 8.0 2.0 0.4 30 ©6100 145 5.0 80° 300 900 
MA-43000 4.0 2.0 0.333 105 3.0 4.5 250 
MA-43002 1.5 6.0 2.0 16 24 75 
MA-43004 0.30 13.0 33 0.45 0.85 20 
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High Order SNAP Varactors for Comb Generators 
Junct. Minority 
Breakdown' Capac. @ Carrier 
Voltage —6V Lifetime 
Volts pF nS 


Min. Max. Min. Max.. Min. 


Case® 
Style 


Model 
Number 


MA-43592 30 : 30 9 
MA-43543 93 55% 10 


DUALMODE Varactors 
Junct. 
Breakdown’ Capac. @ 
Voltage —6V 
Volts pF 
Min. Max. Min. Max. 


Minority 
Carrier 
Min. Lifetime Snap 
Capac. ns Time 
Ratio Min. Max. pS 


Max. 


Model 
Number 


Case 
Style 


Max. 


Max. 
Snap 
Time 


Max. 
Thermal 
Resist. 
°c/w 


Max. Suggested 
Thermal Output Freq. 
Resist. Range 
°cw GHz 


.70 1-12 
125 1—20 


Suggested Typical? 
Output Freq. Efficiency 
Range as Tripler 
GHz % 


eeEE—SooooooooEooeeESoEoEoEEEE——=E—€=_EX&{qe_e=ESs=ES=S=S=S=S=E~™l™_l_™={_E=SS 


MA-44200 43 150 16 1.4 300 1000 3000 
MA-44210 43 100 8.0 16 1.4 100 300 750 
MA-44220 = 43 75 3.0 8.0 1.4 50 150 500 


MA-44230 30 45 10 3.5 14 20 60 200 
MA-44240 =. 30 25 0.5 1.5 1.4 10 30 100 
MA-44250 = =30 15 0.2 0.6 1.4 8 30 9 


MULTICHIP VARACTORS 
For Higher Power Applications 
Min.’ Junct. —— Minority 
Break- Capac.@ Carrier 
down —6V Lifetime 
Voltage pF nS 
Volts Min. Max. Min. Max. 


Max. 
Snap 
Case Time 


Style 


Model 
Number 


Max. 


5 
10 
15 


26 
70 


Suggested 
Thermal Output Freq. Efficiency 
Resist. 
cw 


0.1— 0.5 
0.5— 1.0 
1.0— 2.0 


2.0— 6.0 
6.0—12.0 
10.0—12.0 


Typical” 

Number 
Range as Tripler of 
GHz % 


 ————————————] 
=$=$== i ————E—E——E——E—$—<&—&[_[_—V—_—DooooaoaanmnaBap»L=»>p====______O a ————————e——r—_ 


MA-44051 0.8 1.6 40 120 15 


MA-44052 1.6 3.0 80 7.5 


MA-44053 40 6.0 90 5 
MA-44070 0.3 0.7 15 20 
MA-44071 0.3 0.7 15 20 


MA-44060 0.7 1.2 40 15 
MA-44061 0.7 1.2 40 15 
MA-44050 1.2 1.6 60 12 
MA-44058 1.2 1.6 60 


POWERPACK STACKED VARACTORS 


Min." Minority 
Break- Capac. @ Carrier 
down —12V Lifetime 

Voltage pF ns 


Volts Min. Max. Mm. Max. 


Junct. 


Model 
Number 


Case 
Style 


MA-44010 
MA-44020 
MA-44030 
MA-44040 


122 120 «1.6 2.5 
122 100 1.2 1.6 
122 80 0.7 1.2 
122 60 0.3 0.7 
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Thermal 
Resist. 


NNN NY NNW WW W 


Suggested Typical” 
Output Freq. Efficiency 
Range as Tripler 


°c/jw 


POWER GENERATION 
AND AMPLIFICATION 


VARACTOR CHIPS® 
Snap Chips Junct. 
Suggested Capac. @ Breakdown‘ 
Chip Output Freq. —6V Voltage 
Model Chip Packaged Diode Range pF Volts 
Number Style . Model Number GHz Min. Max. Min. Max. 


MA-43030 132 MA-43000 1-3 3.0 4.5 85 

MA-43031 132 MA-43002 3-7 1.6 2.4 45 

MA-43032 134 MA-43004 7-12 0.45 0.85 30 

MA-43033 134 MA-43592 10—20 0.20 0.30 25 

a a NOOO ee 
Dualmode Chips 


MA-43034 132 MA-44220 1-3 3.6 8.0 
MA-43035 132 MA-44230 2-6 1.0 3.5 
MA-43036 134 MA-44240 6-12 0.5 1.5 
MA-43037 134 MA-44250 10—20 0.2 0.6 


NOTES: 


- Breakdown Voltage is measured at —10 LA. 5. Also available in non-magnetic package for YIG tuned 


comb erators. 
. Doubler efficiencies are typically 520% greater than Benes 


Tripler efficiencies. Quadruplers, typically 10% Jess than 6. Detailed electrical specifications for these diodes are listed 
Triplers. under the packaged diode type number. Only capacitance 
and breakdown are measured on unpackaged diodes. 


Capacitance Ratio is CLO! Cr6 : 


. Junction Capacitance measured at —6OV. 


. Junction Capacitance measured at 0 V. 


TYPICAL eee 
L,7 2.0nH nent 


TYPICAL 
bb = 40 nH 


; a 


| 440 | 
| 110 | 
| 02s | 
Lozo.454 


A 


93 
0,635 


© Denotes Cathode End. Not to scale 
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CASE STYLES—(Continued) 


015 t .002x45° 
Chaqnfer #3 x 48 UNC-2A 


A (Dia.) 


B (Dia.) 


line Socket 
< nome 
TYPICAL 
L,7-t2en TYPICAL 
Lb =.4nH 


=.4pF 
c, Pp 


(G) Spline Socket 


ry 


yt 


TYPICAL 
L_ =.3nH 
Pp 


= .27 pF 
c, Pp 


2 
= 
Ke 
< 
a 
Lu 
= 
Lu 
1) 
a 
Uw 
= 
O 
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AND AMPLIFICATION 


3-48 UNC-2A 


TYPICAL 
by = .30nH 


[_ncnes [wm | © =.27 pF 
Twn, Tmax. | wn, [wax] “Pp 
Pa Pus Ler Poor Taz] 
Ls [ose [ior J 240 | 250 | 
ee ae fe ed 
[un [max | min, | Max, | 
; jon Mee fee ey 
a PE 
NOTE: © Denotes Cathode. [cf 003s o0es fo08ee | 0.165) 
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HOW TO SELECT SILICON MULTIPLIER VARACTORS FOR HARMONIC GENERATION 
When selecting a diode for a multiplier circuit, the following constants exist: 

® Input frequency 

® Output frequency 

® Bandwidth 

@ Required power 

B® Circuit media — coaxial, stripline or waveguide 
The choice of using a SNAP or DUALMODE varactor depends on the results required. 


SNAP Varactors 


1. High Efficiency 

2. Narrow Bandwidth 

3. Both Low and High Order Multipliers 

4. Comb generators 
A SNAP varactor is an epitaxial diffused varactor designed to store charge when conducting in the forward 
direction. It conducts for a short time under reverse bias until this charge is swept out by the drive. Then 
the conduction ceases very abruptly. The lifetime is a measure of the time the diode will store charge, and 
the snap time, the speed at which reverse conduction ceases. 


in general, SNAP varactors have very little capacitance change at reverse biases beyond zero bias. 


DUALMODE Varactor 

The DUALMODE varactor is designed for low order broadband (10-20%) multipliers (times 2 to times 4). 

It also works well in low order, high power, narrow band multipliers. It is inferior in high order multiplication 
(more than times 4). It differs principally from the SNAP diode in having a capacitance change of approxi- 
mately 1,5:1 between zero bias and —6 volts. In general, the large signal series resistance at a few volts can 

be somewhat lower than a SNAP diode. Selection of the DUALMODE diode should be made m the same 

manner except that the bias resistor should be approximately double that used with a similar SNAP varactor 
at the same multiplication ratio. SNAP and DUALMODE varactors usually are not interchangeable in the 
same circuit because of their different large signal impedances. In general DUALMODE varactors require idler 
circuits while SNAP diodes do not. 


HOW TO SELECT A MULTIPLIER VARACTOR 


The important parameters to optimize are listed below in the usual order of selection: 


Capacitance — Cry 
The capacitive reactance of the diode at the operating bias should be a minimum of 30 ohms and preferably 60 ohms 
at the output frequency. Special circuits can be used with lower reactances but in general efficiency will suffer. 


An additional constraint is imposed because this capacitance must be compatible with the required diode thermal 
impedance. The thermal resistance is an inverse function of the capacitance. 


MULTIPLIER VARACTOR CAPACITIVE REACTANCE VS. FREQUENCY 


2 
CES 
g 
1] 


sg CAPACITIVE REACTAN 


22 
100 MHz 500 MHz 1 GHz 5 GHz 10 GHz 


OUTPUT FREQUENCY 
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HOW TO SELECT A SILICON MULTIPLIER VARACTOR (Continued) 
Snap Time ~— T, 


The snap time or transition time is the time for the diode to switch from a conducting to a non-conducting 
state. The snap time should be less than the reciprocal of the output frequency. 


SNAP TIME 


oa F out 
Lifetime — T. 
The lifetime is a measure of the time required for stored charge to be recovered. It must be long enough for the 
diode to permit RF current to reach a negative peak before it snaps. 


The lifetime of a diode should be a minimum of 10 times 1/F ing 


T, + 10/F end aoe Se is a better choice. 
L IN F 


IN 


DIODE LIFETIME 


SHORT LIFETIME 
—-——___—_ T, a 


ADEQUATELY LONG LIFETIME 
To Se 


Package Parasitics — Ly Cy 
The diode package parasitics should be small enough such that the series and parallel resonances will be well above the 
maximum operating frequency. 


Thermal Resistance — 6 jc 
The thermal resistance of the diode must be smal! enough to allow the diode to remain within the maximum allow- 
able operating temperature. [t must be commensurate with the power to be dissipated, i.e. 


Baca Tdiode max. ~ TA 
JC are Soa =a 
Diss. 
Where: 8), = Thermal Resistance (c/w) 


Tdiode max. = Max. allowable diode temperature (°c) 


Ta = Heat sink maximum temperature (°c) 
Ppiss, = Power dissipated in the diode under worst case — (Power in — Power out) (Watts) 
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HOW TO SELECT A SILICON MULTIPLIER VARACTOR (Continued) 


Breakdown Voltage — Va 


The minimum required breakdown voltage of the varactor can be obtained by: 
Po = Power out at Ft — in Watts 
Fin = Input frequency in hertz 


Cre = Total capacitance in Farads @ —6 Volts 


K=0.8 forN<4 
K=1.5forN>4 


Bias Resistor Selection — Rp 
The bias resistor for a SNAP and DUALMODE varactor can be calculated by: 


SNAP Varactors DUALMODE Varactors 


STL 10 TL 
Rp = N2 


R = 
CTR b''N? Ctr 


Where: Ty = Lifetime (Seconds) 


N = Order of Multiplication 
Crr = Total Capacitance @ —6 Volts (Farade) 


BEST CHOICE OF VARACTOR BY TYPE OF SOURCE 


BEST DIODE HIGH ORDER HIGH POWER HIGH POWER | UpCONVERTERS 


FOR MULTIPLIER BROAD BAND LOW ORDER 
APPLICATION COMB GENERATORS MULTIPLICATION (LESS THAN 
(x 4 OR GREATER) (x 4 MAX) X 4 MAX) 


RF CIRCUIT TESTED 
SNAP 
MA-43000 SERIES 


POWER PACK 
SERIES STACKED 


VARACTOR 
MA-44000 SERIES 


GUARANTEED 
CIRCUIT 
PERFORMANCE 


MA-43000 
TYPICAL PERFORMANCE CURVES PER CENT CAPACITANCE 


CHANGE vs. TEMPERATURE 


% 


MA-43000 


TYPICAL OUTPUT POWER vs. INPUT POWER 
IN A X10 MULTIPLIER 


WATTS 
PERCENT CHANGE 


MA-43002 
PERCENT CHANGE IN JUNCTION 
CAPACITANCE vs. TEMPERATURE 
8 


POWER OUT AT 2 GHz 


POWER IN AT 0.2 GHz 


PERCENT CHANGE 


MA-43002 


OUTPUT POWER AT 6 GHz vs. INPUT 
POWER IN X3 MULTIPLIER 


TEMPERATURE 


MA-43002 


PERCENT CHANGE IN LIFETIME vs. 
FORWARD CURRENT 


w 


@6 GHz 


2 
© 
a 
<< 
jog 
Ww 
a 
LW 
Oo 
iow 
wi 
= 
© 
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AND AMPLIFICATION 


Pout 


PERCENT CHANGE — LIFETIME 


TYPICAL CAPACITANCE vs. REVERSE VOLTAGE 
AT 25°C FOR THE MA-43002 


MA-43002 
PERCENT CHANGE IN LIFETIME vs. TEMPERATURE 


% 


TOTAL CAPACITANCE pF 


PERCENT CHANGE 


REVERSE VOLTAGE V 
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TYPICAL PERFORMANCE CURVES (Continued) 


MA-48300 


OUTPUT POWER MA-4B300 

re vs. 

MA-4B300 MULTIPLICATION RATIO OUTPUT POWER 
CAPACITANCE vs. 32 vs. INPUT POWER 


REVERSE VOLTAGE 


WATTS 
WATTS 


= 
a R 


TOTAL CAPACITANCE ~- pF 
2 


POWER ®UTPUT — 2.0 GHz 
POWER GUTPUT @ 2.0 GHz 


i] 
Nn 


0 
0 2 40 60 80 100 6 8 10 12 
REVERSE VOLTAGE -v MULTIPLICATION RATIO POWER IN @ 0.4 GHz 


MA-43000 MA-43000 


OUTPUT POWER AT 2 GHz vs. OUTPUT POWER AT 2 GHz 
INPUT POWER IN X6 MULTIPLIER vs. ORDER OF MULTIPLICATION 


6 
4 
i oe 
2 
Pi) BWATTS a 
0 4 8 12 16 20 


0 2 4 
POWER IN AT 333 MHz W ORDER OF MULTIPLICATION N 


WATTS 
WATTS 


k 
2 
a. 
FE 
2 
° 
a 
w 
= 

O 
a. 


POWER OUTPUT 


AT 2 GHz 
AT 2 GHz 


MA-43000 MA-43000 


OUTPUT POWER vs. 
TEMPERATURE IN X6 MULTIPLIER 


Pi BWATTS 


-40 i) 40 80 
TEMPERATURE TEMPERATURE °C 
MA-43000 


PERCENT CHANGE IN LIFETIME 
vs. FORWARD CURRENT 


LIFETIME vs. TEMPERATURE 


% 
> 
So 


POWER OUTPUT 
WATTS 


AT 2 GHz 
PERCENT CHANGE 


MA-43000 
CAPACITANCE vs. REVERSE VOLTAGE 


LIFETIME 


CAPACITANCE pF 


4 6 810 20 40 6080 
REVERSE VOLTAGE 


PERCENT CHANGE 


FORWARD CURRENT, | 


TYPICAL PERFORMANCE CURVES (Continued) 


MA-43004 
TYPICAL CAPACITANCE vg. REVERSE VOLTAGE 
AT 25°C 


MA-43004 


TYPICAL OUTPUT POWER vs. INPUT 
POWER IN A X5 MULTIPLIER 


CAPACITANCE 


300 


REVERSE VOLTAGE V 


mw 


N 
f=} 
o 


MA-43004 


OUTPUT POWER AT 13.3 GHz vs. ORDER OF 
MULTIPLICATION 


WATTS 


POWER OUT AT 10 GHz 
a) 
oO 


19) 1 2 
POWER INAT2GHz W 


ORDER OF MULTIPLICATION N 


N 
x= 
Oo 
° 
0° 
- 
| wd 
< 
al 
2 
a 
F- 
> 
3° 
c 
wi 
= 
re) 
Oo. 


MA-43004 


LIFETIME vs. TEMPERATURE 
MA-43004 


OUTPUT POWER AT 13.3 GHz vs. INPUT POWER IN 
X4 MULTIPLIER 


5 
4 
0 1 2 3 4 


POWER IN AT3.33 GHz W 


POWER GENERATION 
AND AMPLIFICATION 


% 


N 
3 
WATTS 


oO 


PERCENT CHANGE 
N 
io) 


0 40 
TEMPERATURE ° 


POWER OUTPUT AT 13.3 GHz 


MA-43004 
OUTPUT POWER vs. TEMPERATURE IN X4 MULTIPLIER 


WATTS 


MA-43004 


PERCENT CHANGE IN 
LIFETIME vs. FORWARD CURRENT 


PERCENT 
LIFETIME 


POWER OUTPUT AT 13.3 GHz 
CHANGE 


TEMPERATURE °C 


MEASURED WITH TEMPERATURE COMPENSATION CIRCUIT FORWARD ei anent: I, mA 


TYPICAL PERFORMANCE CURVES (Continued) 


TYPICAL OUTPUT POWER vs. FREQUENCY 


SINGLE JUNCTION DIODES 


MA-44100 


(X3) 


| POWERPACK VARACTOR 
a (2 JUNCTIONS) 


POWER WATTS 


MA-44140 
(X2) 


1.0 
FREQUENCY GHz 


TYPICAL CAPACITANCE vs. BIAS VOLTAGE FOR SILICON MULTIPLIER VARACTORS 


PUNCH 
THROUGH 
VOLTAGE 


CAPACITANCE pF 


10.0V 
FORWARD BIAS REVERSE BIAS 


All specifications are subject to change without notice. 
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GaAs 
Multiplier Varactors 


DESCRIPTION 


MA-48700 Series 


The MA-48700 series of Gallium Arsenide multiplier Varactors is specifically designed to provide single-stage, high 
order multiplication at output frequencies ranging from 3 to 80 GHz. These diodes are diffused junction epitaxial 
devices. All varactors in this series are available in a choice of 15 different case assemblies and in chip form. 
Available case assemblies are shown at the rear of this bulletin. The cathode is a heat sink and of the package. 


APPLICATIONS 


This series of Gallium Arsenide multiplier diodes are intended for medium power harmonic generation with high 
conversion efficiency. 


ELECTRICAL CHARACTERISTICS @ Ty, = 25°C 


MA-48701-A 
MA-48701-B 
MA-48701-C 
MA-48701-D 
MA-48701-E 
MA-48701-F 
MA-48701-G 
MA-48701-H 
MA-48701-I 

MA-48701-J 

MA-48701-K 


MA-48702-A 
MA-48702-B 
MA-48702-C 
MA-48702-D 
MA-48702-E 
MA-48702-F 
MA-48702-G 
MA-48702-H 
MA-48702-1 

MA-48702-J 

MA-48702-K 


MA-48703-A 


’ MA-48703-B 


MA-48703-C 
MA-48703-D 
MA-48703-E 
MA-48703-F 
MA-48703-G 
MA-48703-H 
MA-48703-I 

MA-48703-J 

MA-48703-K 


MA-48704-A 
MA-48704-B 
MA-48704-C 
MA-48704-D 
MA-48704-E 
MA-48704-F 
MA-48704-G 
MA-48704-H 
MA-48704-1 

MA-48704-J 


= 400 -.449 Pee res 499 b eee a 599 sO Pee | .649 


MA-48705-A 
MA-48705-B 
MA-48705-C 
MA-48705-D 
MA-48705-E 
MA-48705-F 
MA-48705-G 
MA-48705-H 
MA-48705-I 


.650 - .699 


MA-48706-F 


MA-48707-A 
MA-48707-B 
MA-48707-C 
MA-48707-D 
MA-48707-E 
MA-48707-F 


MA-48708-A 
MA-48708-B 
MA-48708-C 
MA-48708-D 
MA-48708-E 


MA-48709-A 
MA-48709-B 
MA-48709-C 
MA-48709-D 
MA-48709-E 


MA-48710-A 

MA-48710-B 
MA-48710-C 
MA-48710-D 
MA-48710-E 


MA-48711-A 
MA-48711-B 
MA-48711-C 
MA-48711-D 
MA-48711-E 
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NOTES: 


All GaAs multiplier diodes are available in any case a The measured series resonant frequency of each varactor 
style shown in this bulletin as well as in chip form. When will be supplied with the Diode. 


ordering, specify the desired case by adding the case 

designation as a suffix to the type number. For example : 

on MA-48703-G-155 specifies a GaAs multiplier diode 

with a minimum cutoff frequency at 0 volts of 250 

GHz and aC 1 of between .250 and .299. The device is 
fe) 


Packaged in the 155 case style. 

Junction Capacitance (C ) ) is measured at 1 MHz and 
oO 

0 volts, on a bridge which has been balanced with a 

shielded test holder connected in place — but open 

circuited. 

Package parasitics (c, and L) are given along 


with package outlines elsewhere In this bulletin. The 
c = values listed are typically £ .02 pF. However th 


actual package capacitance of each diode is measured 
to within + .0025 pF. Parasitic inductance has been 
determined at X-band using DeLoach measurements. 


Cutoff frequency measurements (F c ) are made at 
(eo) 


0 volts using the DeLoach method. See curve of 
Figure 1 showing typical Fo (cutoff at —6 volts) 
—6 
versus F c (cutoff at 0 volts) performance curve. 
° 


TYPICAL PERFORMANCE CURVE 


FIGURE 1 TYPICAL RELATIONSHIP BETWEEN CUTOFF FREQUENCY AT ZERO 
AND SIX VOLTS {N GaAs VARACTOR DIODE 
900 


—6 = .52 Typical 


° 


= 2.20 Typical 


All GaAs multipiier diodes are subjected to a 48 hour 
100°c electrical burn-in before final tests. During 
this period, each device is stressed 60 times per 
second with 30 mA in the forward direction and 

5 volts in the back direction. 

Typical breakdown Voltage is between 18 and 25 volts 
at —10 LA. Custom tailored breakdown voitages are 
available on request. 

DeLoach holders for cutoff frequency measurements 
as well as shielded test fixtures for measuring 
Capacitance are available for purchase. 


THE DELOACH METHOD FOR VARACTOR CHARACTERIZATION 


Many methods exist for measuring the quality factor or cutoff frequency (FQ) of varactor diodes. Among the most 
widely used methods are the reflection coefficient techniques of Houlding [1] and Harrison [2]. Unfortunately, at high 
microwave frequencies, varactor-“parasitics” such as supporting structures, contacting straps, and case capacitance tend 
to make reflection test set calibrations difficult. Also, as varactor quality factor increases, the accuracy of these tech- 
niques decreases. 


In 1964, DeLoach [3] devised a method for varactor characterization that avoided the above difficulties. This method 
involved the series resonance of a varactor diode and yielded not only series resistance but junction capacitance and 
parasitic inductance at any bias voltage. All of these parameters were determined at the self-resonant frequency of the 
device and in a defined microwave environment. However, the case capacitance of DeLoach’s packaged diodes was 
essentially non existent thus simplifying certain mathmatical solutions. Many widely used industrial varactor packages 
do have case capacitances that may in fact be larger than the device’s junction capacitance. 


It can be shown that the inclusion of case capacitance in the equivalent varactor circuit (shown in Figure 2) will modify 
the determination of cutoff frequency obtained by DeLoach’s methods. 


DeLoach’s formula for diode resistance is as follows: 


6G) (Fr) 


Expansion of the expression for the real part of the total diode impedance, however, reveals that: 


~ Vv (x, 4 - (4) (BR)? (XK, +X, +X, 2? 
Ss p j 


Pp $ 


2(R,) 
= 
an R, CG (3) 


v v 


where: 
T = power transmission loss ratio ie = junction, package, and inductive reactances 


Ss . 
fe fas respectively 
Zo = characteristic guide impedance at resonance i 
= junction series resistance at voltage V 


Ran = Re [2v] xy 
F. = varactor figure of merit or cutoff frequency at voltage V 
Vv 


C, = junction capacitance at Reverse bias voltage V 
DeLoach’s method not only results in additional information for the circuit designer, but is a more repeatable measure- 
ment that allows much greater accuracy in diode selection resulting in increased customer yields. DeLoach’s measure- 
ments, however, are only as good as the diode holder used. Figure 3 shows a typical DeLoach holder in cross-sectioned 
view. This is but one of 36 different holders used by M/A to evaluate GaAs varactors over a total frequency range of 
5 GHz to 40 GHz. Each holder is computer designed to cover a full waveguide band. The waveguide height in each case 
is reduced to the ceramic height of the diode package under test. The VSWR of each holder and choke combination is 


less than 1.1:1 across the waveguide band. : Figure 4 is a block diagram of the DeLoach test circuit. 
VOLTMETER 


DETECTOR 
MER cagQuENcy os0a APPLICABLE HIGH 
FREQUENCY ISOLATOR PRECISION VARACTOR SENSITIVITY 
OSCILLATOR METER ATTENUATOR HOLDER DETECTOR 


YUU; gestive 


FIGURES TYPICAL DELOACH HOLDER FIGURE 4 TYPICAL DELOACH TEST SET 


(1]  Houlding, N., “Measurement of Varactor Quality”, Microwave Journal, Volume 3, No. 1, January 1960. 

[2] Harrison, R., “Parametric Diode Q Measurements”, Microwave Journal, Volume 3, No. 5, May 1960. 

[3] DeLoach, B.C., “A New Microwave Measurement Technique to Characterize Diodes and an 800 Gc Cutoff Frequency 
Varactor at Zero Volts Bias’, IEEE Transactions on M.T. & T., January 1964. 
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CASE STYLES 


TYPICAL 
L, 7-40 nH TYPICAL 
tu =.2nH 
° 


TYPICAL c, = .23 pF 
ty = 60 nH 


= 18 pF 
C, 7-18 


TYPICAL 
a = 60nH 


c, =.18 pF 


TYPICAL 
a =.200H 


TYPICAL 
Ly = .40nH 


TYPICAL 
lL. =.17nH 
Pp 


A 
OIA 


“~~ Ar 


" Ld 


ae 
He 


TYPICAL 
bo =.16 nH 


O «unoenny 


TYPICAL 
bt = .60nH 


~.18 pF 
cy 8p 


TYPICAL 
L, =.17nH 


C= .15 pF 
p Pp 


@ Denotes Cathode End. : Not to scale. 


TYPICAL 
to a0.ne TYPICAL 
he =- 60 nH 


= 15 pF 
C, = -18p 


» : 
~ , 
i) " 


f 2,01 


TYPICAL TYPICAL rs 
U7 -40nH L, 7-200 
co = .23 pF 


Sy = .24 pF 
D OIA. 
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E DIA. 
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@ Denotes Cathode End. Not to scale, 
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FEATURES 


High cutoff frequency 

Operating temperatures from 4°K to 352°K 
Low noise temperature 

Large gain-bandwidth capability 

High pump efficiencies 

Custom tailored designs available on request 


APPLICATIONS 
This series of Gallium Arsenide paramp diodes is useful in either degenerate or non-degenerate parametric amplifiers. 


Low diode series resistances result in minimum amplifier noise temperatures while large capacitive nonlinearities 
provide maximum pump efficiencies. 


DESCRIPTION 


The MA-48500 series of diffused junction epitaxial Gallium Arsenide Varactors is specifically designed for use in 
both room temperature and cryogenically cooled parametric amplifiers. High gain-bandwidth products can be achieved 
using these diodes over the signal frequency range of 1 GHz to 35 GHz with pump frequencies as high as 90 GHz. 
All varactors in this series are available in a choice of 15 different case assemblies and in chip form as shown else- 

where in this bulletin. The cathode is the heat sink end of the package. Reverse polarity is available on request. 
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GaAs Parametric Amplifier Varactors | mA-48500 Series 


ELECTRICAL CHARACTERISTICS @ Tj, = 25°C 


MA-48501-A MA-48502-A MA-48503-A MA-48504-A MA-48505-A 


MA-48501-8 | MA-48502-8 | MA-48503-B | MA-48504-B | MA-48505-B 
MA-48501-C | MA-48502-C | MA-48503-C | MA-48504-C | MA-48505-C 
MA-48501-D | MA-48502-D | MA-48503-D | MA-48504-D | MA-48505-D 

: - F 


MA-48501-E MA-48502-E MA-48503-E MA-48504-E MA-48505-E 
MA-48501-F MA-48502-F MA-48503-F MA-48504-F MA-48505- 


waaasorn | maassozn | waascoon | waaecoen |_| 
waaesor1 | waassoni | waaasosi |_| 
Ima-aaso1s | Maaasozs | =| | 
hacascorx | masasozx || | 


POWER GENERATION 
AND AMPLIFICATION 


[100 |wasasoe.a | masesor-a | ma-sesoe-a | MmA-4e500.4 
[125 |waaesose | waasso7s | waae6ose | ma4ss00-6 | MA4a5T08 | 
[aa5|wasesoer | maassorr | 


NOTES: (continued on following page.) 
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NOTES: 


All GaAs Paramp diodes are available in any case style volts using the Deloach method. See curve of Figure 1 
shown in this bulletin as well as in chip form. When showing typical Fo (cutoff at —6 volts) versus Fo 
ordering, specify the desired case by adding the case 6 
designation as a suffix to the type number. For example: (cutoff at O volts) performance curve. 
MA-48503-G-155 specifies a paramp diode with a minimurr 5. The measured series resonant frequency of each varactor 
cutoff frequency at 0 volts of 250 GHz anda Cc, of 3 will be nai with the diode. é 

: Jo 46 4405 


between .250 and .299. The device is packaged in the AN,. = .62 typical B= 


ODS-155 case. 
. Junction Capacitance (C, ) is measured at 1 MH2 and c c 
Jo Jo 13 
O volts, on a bridge which has been balanced with a All paramp varactors are cycled to liquid nitrogen 
shielded test holder connected in place — but open temperatures to assure cryogenic performance. . 
circuited. All GaAs Paramp diodes are subjected to a 48 hour 100 C 
Package parasitics (C_ and L_) are given along with electrical burn-in before final tests. During this period, 
P Pp each device is stressed 60 times per second with 30 mA 
in the forward direction and 5 volts in the back direction. 
Minimum breakdown voltage is 10 volts at 10 MA. 
the actual package capacitance of each diode is measured . DeLoach holders, for cutoff frequency measurements, as 
to within +.0025 pF. well as shielded test fixtures, for measuring capacitance, 
Cutoff frequency measurements (F,. ) are made at 0 are available for purchase. 
fe] 


package outlines elsewhere in this bulletin. 
The Cc, values listed are typically + .02 pF. However, 


c 


TYPICAL PERFORMANCE CURVE 


FIGURE 1 TYPICAL RELATIONSHIP BETWEEN CUTOFF FREQUENCY AT ZERO 
AND SIX VOLTS IN GaAs VARACTOR DIODE 
900 


THE DELOACH METHOD FOR VARACTOR CHARACTERIZATION 


Many methods exist for measuring the quality factor or cutoff frequency (F.) of varactor diodes. Among the most 
widely used methods are the reflection coefficient techniques of Houlding [1] and Harrison [2]. Unfortunately, at high 
microwave frequencies, varactor ‘‘parasitics” such as supporting structures, contacting straps, and case capacitance tend 
to make reflection test set calibrations difficult. Also, as varactor quality factor increases, the accuracy of these tech- 
niques decreases. 


In 1964, DeLoach [3] devised a method for varactor characterization that avoided the above difficulties. This method 
involved the series resonance of a varactor diode and yielded not only series resistance but junction capacitance and 
parasitic inductance at any bias voltage. All of these parameters were determined at the self-resonant frequency of the 
device and in a defined microwave environment. However, the case capacitance of DeLoach’s packaged diodes was 


essentially non existant thus simplifying certain mathmatical solutions. Many widely used industrial varactor packages 
have case capacitances that may in fact be larger than the device’s junction capacitance. 


It can be shown that the inclusion of case capacitance in the equivalent varactor circuit (shown in Figure 2) will modify 
the determination of cutoff frequency obtained by DeLoach’s methods. 


DeLoach’s formula for diode resistance is as follows: 


(Sr) 


Expansion of the expression for the real part of the total diode impedance, however, reveals that: 


—~ V(x, 4-4) (R)? (XX, XP 
s p j 


c 


p J 


2(R_,) 


= power transmission loss ratio 
Zo = characteristic guide impedance at resonance 
R_, = Re [Zv] 


= junction capacitance at Reverse bias voltage V 
Vv 


XX, -X,__ = junction, package, and inductive reactances respectively 
j p s 


R, = junction series resistance at voltage V 
v 


F. = varactor figure of merit or cutoff frequency at voltage V 
Vv 


Houlding, N., “Measurement of Varactor Quality”, Microwave Journal, Volume 3, No. 1, January 1960. 
Harrison, R., “Parametric Diode Q Measurements”, Microwave Journal, Volume 3, No. 5, May 1960. 


DeLoach, B.C., ““A New Microwave Measurement Technique to Characterize Diodes and an 800 Ge Cutoff Frequency 
Varactor at Zero Volts Bias”, IEEE Transactions on M.T. & T., January 1964. 
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POWER GENERATION 
AND AMPLIFICATION 


THE DELOACH METHOD FOR VARACTOR CHARACTERIZATION (Continued) 


DeLoach’s method not only results in additional information for the circuit designer, but is a more repeatable measure- 
ment that allows much greater accuracy in diode selection resulting in increased customer yields. DeLoach’s measure- 
ments, however, are only as good as the diode holder used. Figure 3 shows a typical DeLoach holder in cross-sectioned 
view. This is but one of 36 different holders used by M/A to evaluate GaAs varactors over a total frequency range of 
5 GHz to 40 GHz. Each holder is computer designed to cover a full waveguide band. The waveguide height in each case 
is reduced to the ceramic height of the diode package under test. The VSWR of each holder and choke combination is 
less than 1.1:1 across the waveguide band. Figure 4 is a block diagram of the DeLoach test circuit. 


DIGITAL 
VOLTMETER 


DETECTOR 


BS SSY ‘APPLICABLE 
SN 4 YWUA WY, , CSET ; 1008 FREQUENCY 05048 APPLICABLE HIGH 
4 Li G Ye FREQUENCY cnupita ISOLATOR METER PRECISION VARACTOR SENSITIVITY 
SS OSCILLATOR ATTENUATOR HOLDER DETECTOR 
HIGH 
ty, 


SENSITIVITY 
OSCILLOSCOPE 


FIGURE 3 TYPICAL DELOACH HOLDER FIGURE 4 TYPICAL DELOACH TEST SET 


TYPICAL 


CASE STYLES TYPICAL | Le eon 


= 40nH 


TYPICAL 
C. = .30 pF 
e 


L, = 60 nH 


Cc, =.18 pF B 
aa PDA @ 


TYPICAL 
bg = .60nH 


Gc, =.18 pF 
TYPICAL 
Lo = .40nH 


= .30 pF 
c, 0 p 


@ Denotes Cathode End. Not to scale. 
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Neita tole re TYPICAL 
eon Ly 7-16 nH 


C, ~ -15 PF c,7-13 pF 


TYPICAL 
ts = .60nH 


= .15 pF 
c,=-18p 


TYPICAL 
L. = .40nH 
. n 


=. F 
cy 24) 


TYPICAL 
L.=.2nH 
P 


CG = .23 pF 
TYPICAL 
bb = .20nH 
my = .23 pF 


POWER GENERATION 
AND AMPLIFICATION 


D DIA. 


> |e | ors fozs [028 | 
re [ ooper f omener._| 


TYPICAL 
Ll. = .40 nH 
TYPICAL Pp 

=, = 24 pF 
L, 7 -200H C= .24p 


= .23 pF 
c, Pp 


y 


22 


}071_| 
[213 
for | 
[2.01 | 
oer | 
{0,20 _| 
122 _| 
Tost _| 


®@ Denotes Cathode End. 
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MA-42020/ R2000 Series 


npn SILICON PLANAR TRANSISTORS 
for UHF and MICROWAVE APPLICATIONS 
Bulletin 5201 


POWER GENERATION 
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FEATURES 

= Low Cost 

® Gold Metallization 
®@ Low Noise 

® High Gain 


TYPICAL APPLICATIONS 
IF, VHF, UHF, TV and RF Amplifiers 


DESCRIPTION 


This series of npn silicon planar transistors are designed especially for low cost applications demanding low noise, high 
gain performance. The transistors are rugged, highly reliable devices which utilize gold metallization. 
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2000 SERIES TRANSISTOR SPECIFICATIONS 
Max. 
Noise Test i Ft. 
Model KMC Figure Current 1 dB Comp. Test 
Number Model @ lc Ic Pt. @ Ic Typ. Frequency 
Number dB mA 


MA-42020-509 K2116 
MA-42020-509 K2069 
MA-42021-509 K2117 
MA-42021-509 K2071 
MA-42022-509 K2118 
MA-42023-509 K2070 
MA-42024-509 K2072 
MA-42025-509 K2112 

= 2N5031 

a 2N3570 

= 2N3953 
MA-42026-509 K2113 

= 2N5032 
MA-42027-509 K2114 

= 2N3880 

ras 2N3839 

= 2N3571 
MA-42028-509 K2073 
MA-42029-509 K2115 

= 2N5054 

= 2N2857 

2N3683 

2N5179 

2N5053 

2N3572 


ELECTRICAL PARAMETERS & MAXIMUM RATINGS (case temperature 25°C) 


Symbol Definition Condition Value 


Collector-base breakdown lc=1yA 30 V min. 
Emitter-base breakdown le=10uA 2.5 V min. 
Collector cut-off current Vcb=15V 10 nA max. 
Current transfer ratio Vce=1V 30 min. 
lc=3mA 300 max. 
Collector current 50 mA max. 
Output capacitance Veb = 10 V 1.0 pF max. 


CASE STYLE 


509) Ben 
(K} [pa 
TO-72 L 


030 
76 


MA-42020 SERIES GEOMETRY 


2 | 
1 
- 


320 yy 9908 OC 

12,70 091 1.17 < 
Oi 019 -” 
041 048 t 


O16 021 
0.41 053 
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dB 
o 


NOISE FIGURE 


& 


w& 


Nn 


= 


10 


a MA-42020-509/K2116 é 
F bs oa 
“Alle : 
TE ail) : 
YA Fa z 
II] & é 
0 ( A | [| RB & 
i / a = 
20 ri / = 8 
. a .. 
= 8 GAIN COMPRESSION 
4 = VS. COLLECTOR 
CURRENT 
MA-42020-509/K 2116 
,0 
100 1000 3 6 9 
FREQUENCY MHz CASE TEMP. °C COLLECTOR CURRENT mA 


TYPICAL PERFORMANCE CURVES 


MHz 


fy 


TEMPERATURE 


COLLECTOR 
F_ VS. COLLECTOR CURRENT CURRENT mA 


a 
[| mA-42021-509/K2117 
4 ~t+~ LL 
a 
mee : N 
2 
: . LEAL ELENIE 
7 \ 
ly 
MAX. GAIN VS. FREQUENCY 
MA-42025-509/K2112 
10 100 1000 
5 1015 20 25 30 
COLLECTOR CURRENT mA FREQUENCY MHz 
g 1.0 90° 


S-PARAMETERS 
MA-42020/K 2000 
SERIES 


—-8 
S44 (10Vv, 3 mA), S55 (10V, 3 mA) 


-1.0 270 
S,, (10V, 3 mA), S,, (10V,,3 mA) 
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POWER GENERATION 
AND AMPLIFICATION 


SCHEMATIC DIAGRAMS 
60 MHz TEST AMPLIFIER 


L, Cc, 
INPUT 
C, 

Parts List 
L, = 33 uH R, = 5.3 KQ Cc, = 8-25 pF 
L. = .1yH R, = 7002 C34 = 1000 pF 

R = 202 

R, = §70 


450 MHz TEST AMPLIFIER 


Parts List 
L, Cu Strip 3/16" Wx 1" L Cc, Cc, 1-10 pF 
L, Cu Strip 3/16” W x 1-1/4" L C, 7-25 pF 
Ls 1/2 turn 1/2” diameter No. 22 wire Cc, 2-8 pF 
R, * 100K 1/4 W Cc, 470 pF leadless 
R,* 10 K 1/4W Cc, 1000 pF feedthru 
RFC, Resonant at 450 MHz C, 500 pF mica-button 


Values must be adjusted for proper operating current. 
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M A= 42050/R35500 Series 


npn Silicon Planar Transistors 
for UHF and Microwave Applications 


Bulletin 5202 


POWER GENERATION 
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FEATURES 

@ High Gain 

@ Gold Metallization 

# Low Noise 

@ Low Cost 

APPLICATIONS 

IF, VHF, UHF, TV and RF amplifiers and oscillators. 


DESCRIPTION 


This series of npn silicon planar transistors is highly reliable, rugged devices utilizing gold metallization. The design 
features high gain and low noise figure in amplifier applications and for low moderate power oscillators. 
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5500 SERIES TRANSISTOR SPECIFICATIONS 


Low Noise Amplifier Transistors 


Model Case 
Number Style 


MA-42050 = 509, 510, 511 
MA-42051 509, 510, 511 
MA-42052 = 509, 510, 511 
MA-42055 510, 511 
MA-42056 510, 511 
MA-42057 §10, 511 


JEDEC PART NO. 


509 
509 


KMC 


Max. 


Noise Min. Test ae 


Test Figure Gain Current Compression@ Typ. 


Model —_— Frequency @tc @le '€ ~~ Point Min. N.F. Ft. 


Number 


K5510 
K5511 
K5512 
KD5525 
KD5526 
KD5527 


2N5651 
2N5652 


Oscillator Transistors (Common Base) 


Model 
Number 


MA-42060 
MA-42061 
MA-42062 
MA-42063 


Case Style 


510 
510 
§10 
510 


ELECTRICAL PARAMETERS & RATINGS (case temperature 25°C) 


Symbol Definition 


Collector-base breakdown 
Emitter-base breakdown 
Collector cut-off current 
Current transfer ratio 


Collector current 
Output capacitance 


CASE STYLES 


209 - .230 
5.31 $84 
K || 
(509) L “| 


fry 


0% 019” 
0.41 048 
016 021 


0.41 0,53 


0.024 0.036 


0.1220.134 pia 
3096 3,403 ! 


0043.0 063 
0.016 0024 708? T4600 


0,408 0.609 


MHz dB dB mA dBm MHz 


450 17 13 2500 
450 2.0 16 . 2800 
450 2.5 15 . 2800 
1000 3.0 10 . 2600 
1000 46 10 . 2300 
3.7 10 . 2500 


2.0 13 
25 13 


KMC Test Power Power 
Model Frequency Output Dissipation 
Number MHz mw mW 


KD5520 2400 150 450 
KD5521 100 450 
KO5522 80 450 
KD5523 50 460 


Condition Value 


Ic = 10 pA 20 V Min. 
le=10 uA 2.5 V Min. 
Veb=10V 50 nA Max. 
Vce=1V 20 Min. 
lc=3mA 

40 mA Max. 
Vc=10V 0.75 pF Max. 


MA-42000 SERIES 
GEOMETRY 


028 048 
0,71 1,22 


EMITTER 


KCVAR LO 
M1204 CERAMIC -an) 


COLLECTOR 


—t 
HINCLUDING 
SOLDER BUILD UPI 


Leas 1 3 Avatlatitle Comin Gow 


0.230-0.280 | 0.095-0.105 | 0.016-0.074 | 0.036-0.044 | 0.002-0.006 | 0.050 Max 
65,841-7,112 | 2,413-2,667 | 0,406-0,609 | 0,914-1,117 | 0,0650-0,152 | 1,270 i 
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TYPICAL AMPLIFIER PERFORMANCE CURVES — 


+10V 


450 MHz AMPLIFIER 


u, Cu Strip 3/16" Wx 1 L Cc, Cc, 1-10 pF 
L, Cu Strip 3/16” W x 1-1/4" L c, 7-25 pF 
Ly 1/2 turn 1/2" diameter No. 22 wire C, 2-8 pF 
R, * TOOK 1/4W c, 470 pF leadiess 
R, * 10K 1/4W c, 1000 pF feedthru 
RFC, Resonant at 450 MHz Cc, 500 pF mica-button 
- Values must be adjusted for proper operating Current. 
PERFORMANCE: 12dB GAIN ATI, =6mA 
MA-42056/K D5526 GAIN COMPRESSION vs. 
NOISE FIGURE vs. FREQUENCY NOISE FIGURE vs. COLLECTOR CURRENT COLLECTOR CURRENT 
7 12.0 
£ 
MA-42056/K D5526 g MA-42056/K D5526 
Vce = 6 Volts : 
a 
a 
$s a 100 MHz 5 8.0 
vo 7) 
2 
rT) 2 
-_ oO = 
a re 8 40 
S a . 
z i - 
10 100 1000 6 12 18 24 
FREQUENCY MHz a me Io mA 
COEPECTONEEBRENT POWER DISSIPATION vs. CASE TEMPERATURE 
4 
GAIN vs. FREQUENCY es 
e 
i 
ft'vs. CURRENT MA-42055/KD5525 ~ 3 
z 
° 
MA-42056/KD5526 2 ROeEA8 < 2 
KD5511 a 
z “a 
< a 
oO o 7) 
5 10 15 20 25 30 35 40 45 50 = 
COLLECTOR CURRENT mA is) 
100 200 500 1000 2000 5000 65 ¥ 25 50 100 150 
FREQUENCY MHz CASE TEMP. °C 
i480 S PARAMETERS - MA-42050 SERIES 90 


Te} 


S._ (10V, 5mA) 
S,_ (10V, 5mA) 458 m 
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22 
56 
Ee 
aq 
co 
LU 
at 
ae 
ve 
wis 
a 
Sa 


S51 (10V, 5mA) Sno (10V, BMA) 


TYPICAL OSCILLATOR PERFORMANCE CURVES 
OUTPUT POWER vs. COLLECTOR CURRENT 


KD5520/MA-42060 
KD5522/MA-42062 


OUTPUT POWER vs. FREQUENCY 
300 


Vco=17V 


200 
15 Volts 


ce 15V, 30 mA 


12 Volts 
10 Volts 


12V, 30 mA 


OUTPUT POWER mW 
OUTPUT POWER mW 


KD5520/MA-42060 
KD5522/MA-42062 


30 40 50 2000 3000 
COLLECTOR CURRENT mA FREQUENCY MHz 


OUTPUT POWER vs. COLLECTOR CURRENT OUTPUT POWER vs. FREQUENCY 
250 300 


1000 


KD5521/MA-42061 
KD5523/MA-42063 


Ve=17V 200 


15 Volts 


12 Volts 15V, 30 mA 


12V, 30 mA’ 


OUTPUT POWER mW 
OUTPUT POWER mW 


10 Volts 


KD5521/MA-42061 
KD5523/MA-42063 


2000 3000 
FREQUENCY MHz 


30040 50 
COLLECTOR CURRENT mA 


TYPICAL OSCILLATOR TEST CIRCUIT 


PARTS: 


{TRIPLE STUB TUNER 


Cc, ¢ ~ CAP BETWEEN SHORT 
a ob AND CHASSIS WITH 
-003 TEFLON DIELECTRIC. 


500 pF UHF SILVER 
MICA BUTTON 


OUTPUT G.R. 874-D20L 


S305N MICROLAB STUB 
TUNER 


N TYPE COAX. CONN. 


All specifications are subject to change without notice. 206 


MA-42000/K6000 Series 


npn SILICON PLANAR TRANSISTORS 
FOR UHF AND MICROWAVE APPLICATIONS 


Bulletin 5204 


FEATURES 

® Low Noise 

8 Large Dynamic Range 
® Gold Metallization 

= Low Cost 


TYPICAL APPLICATIONS 
IF, VHF, UHF, TV and RF Amplifiers. 


DESCRIPTION 

This series of npn silicon planar transistors is designed to provide the lowest possible noise figure at frequencies from 
10 to 700 MHz. These transistors exhibit excellent noise figure vs. current characteristics which results in extremely low 
noise and wide dynamic range performance. These transistors find wide application in sophisticated radar and commu- 
nications equipment at VHF/UHF frequencies. 
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6000 SERIES TRANSISTOR SPECIFICATIONS 


Max. 
Max. 
KMC Test Figure Noise Test 1dB 1dB 
Model Case Model Frequency @lIc Current Compression Pt. | Compr. Pt. 
Number Style Number MHz dB lc mA @lc dBm 


MA-42001 509 K6001 1.0 5.0 : +16 
MA-42002 509 K6002 1.5 5.0 - +16 
MA-42003 509 K6003 2.0 5.0 

MA-42004 509 K6011 1.5 


MA-42005 509 K6012 60 2.0 
MA-42006 510 60 4.0 
MA-42007 511 KJ6007 450 1.6 
MA-42008 511 KJ6008 450 2.0 
MA-42009 509 K6009 450 2.5 
MA-42010 509 K6021 450 3.0 
MA-42011 509 K6022 450 3.5 
MA-42010 510 450 3.5 


MA-42011 510 4.0 


MA-42010 4.0 
MA-42011 4.5 
MA-42012 5.0 


ELECTRICAL PARAMETERS AND RATINGS (case temperature 25°C) 


Symbol Definition Conditions Min. Typ. Max. 
BV 0 Collector-base Breakdown voltage \, =10yA 20V 25V 
BV. 45 Emitter-base breakdown voltage = 10uA 3V 3.5V 
le Collector cut-off current Vv. =10V 10 nA 
hy Current transfer ratio V ne =10V, le =5mA 20 200 
a Output Capacitance Vi, = 15V 1.3 pF (510) 1.7 pF (K) (509) 
Collector current 125 mA 


t 
c 
P Total Device Dissipation K pkg. 450 mW, KJ pkg. 750 mW, 510 pkg. 1.2 W 


CASE STYLES 
x zt 230 MA-42000 SERIES GEOMETRY 


5,31. 5,84 
j 178.195 


[~ase 4,95 | 
i | 


hal 


2170-210 


EMITTER 


0.024 .0.036 


KCVAR LID 
A203 CERAMIC = 


COLLECTOR 


0.279-0.321 

7,086-8,153 

iol —o— Ff 
are ee 
0.122-0.134 (INCLUDING 


0.0015.0.0045 30083403 OF SOLDER BUILD UPY 
t Coe oe a t- Leads 1-3 Avintable Common Base 


_ Ss, 


4 0.195.0.215 ° s | r 0.043 0.063 
50545,359 0.016.0.024 


§,054.5,359 


pA 
00160024 4/082 7,600 
ae 2.406 0.605 9.230-0.280 | 0.095-0.105 | 0.016.0.074 | 0,036-0.044 | 0.002-0.006 | 0.050 ,, | 
5,841-7,112 | 2,413-2,667 | 0,406-0,609 {| 0,914-1,117 | 0,060-0,162 | 1,270 : 
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NOISE FIGURE dB 


TYPICAL PERFORMANCE CURVES 


NOISE FIGURE VS. FREQUENCY 
MA-42001/K6001 


Sesniieseril sean 


8 td 
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5 ES rt {J 40m 
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3 vee ale Seen ie 
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10 100 1000 
FREQUENCY (MHz) 
GAIN AT MIN. N.F. VS. FREQUENCY 
MA-42001/K6001 


FREQUENCY (MHz) 


[S,, ]? VS. COLLECTOR CURRENT 
MA-42001/K6001 
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PWR. OUT at 1 dB COMPRESSION PT. dBm 


POWER DISSIPATION WATTS 


POWER OUTPUT VS. FREQUENCY 
MA-42001/K6001 


FREQUENCY (MHz 
GAIN VS. FREQUENCY 
MA-42001/K6001 


ew, 
ay 7 40 Awa) a 


FREQUENCY MHz. 


POWER DISSIPATION VS. CASE TEMP. 
MA-42001/K6001 


—50 0 50 100 150 200 
CASE TEMPERATURE 


POWER GENERATION 
AND AMPLIFICATION 


MA-42001-509/K6001 


S PARAMETER DATA 


o 
~- 
N 


S PARAMETERS 10V, 5 mA 
MA-42007-511/KJ6007 
S PARAMETERS 10V, 5 mA 
MA-42010-510 
S PARAMETERS 10V, 60 mA 
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npn Silicon Planar Transistors for 
Microwave Applications 
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FEATURES 

High Gain 

Low Noise Figure 
Gold Metalization 
Low Cost 


DESCRIPTION 


The MA-42100 transistor is an npn silicon planar transistor designed for high gain and low noise performance in L-band. 
The design employs gold metallization resulting in rugged, highly reliable transistor. 


TYPICAL APPLICATIONS 
RF amplifiers at frequencies through L-band. 
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Available 
Model Case 
Number Styles 


MA-42100 509, 510 
511,512 


Test Conditions 


Symbol Definition 


MA-42100 TRANSISTOR SPECIFICATIONS 


ELECTRICAL PARAMETERS & RATINGS (CASE TEMPERATURE 25°C) 


Noise 
Figure Ga (max.) 
dB dB 


2.3 Typ. 17 Typ. 
2.5 Max. 


Vag 7 10V Vege Vig = 10V 
IQ=5mA a 1, =15mA 
f= 1 GHz 


Conditions 


Collector-base breakdown voltage 
Emitter-base breakdown voltage 


Collector cut-off current 
Current transfer ratio 
Output capacitance 
Collector Current 


O16 019 
O41 048 


O16 021 
O41 053 


0.1220 134 


<= a 
Sees 6.016 0024 0.043 0 063 


1652 1660 
DIA 0,406 0.609 


=10V,1=5mA 20 
ce Cc 
Ro 15V 


MA-42100 GEOMETRY 


EMITTER 
1 


en 1 2 
KOVAAR 
LeAos 
Ps 2) 
KCVA 
A904 Ctaamc - 
COLLECTOR 


incu une 
SOLDER sun ver 


heats | 3 Avauath: Cominan 


0.230-0.280 | 0.095-0.105 | 0.016-0.074 | 0,036-0.044 | 0.002-0.006 | 0.050 MAX 
8,841-7,112 | 2,413-2,667 | 0,406-0,609 | 0,914-1,117 | 0,050-0,152 | 1,270 ; 
0.230-0.280 | 0.065-0.075 | 0.016-0.024 | 0.036-0.044 | 0.002-0,006 | 0.050 MAX 
5,841-7,112 | 1,651-1,908 | 0,406-0,609 {| 0,914-1,117 | 0,050-0,152 | 1,270 ; 
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S-PARAMETER DATA 


MA-42100-511 S-PPARAMETERS 
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PERFORMANCE CURVES 


Bias 


|S, |? dB Ga (Max.) dB 


25 


Frequency 


S,, 


.639 — 83.5 

651 — 137.1 
.540 — 165.3 
527 +177.7 
.541 + 162.3 
.556 +149.9 


582 — 103.2 


-537 — 151.9 
.533 — 176.4 
.527 + 169.8 
546 +155.9 
564 + 145.1 


.475 — 138.9 
514 —171.1 
+540 +171.3 
549 + 159.9 
.575 + 149.6 
.593 + 138.9 


Alt specifications are subject to change without notice. 


MA-42100-511 
GAIN VS. FREQUENCY 


Ga (Max.) 


2 


FREQUENCY GHz 


TYPICAL MA-42100 S-PARAMETERS IN 511 PACKAGE 
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5.061 + 117.2 
3.367 + 86.1 
2.429 + 67.4 
1.867 + 52.0 
1.499 + 37.9 
1.280 +21.9 


6.790 + 109.1 
3.948 + 82.1 
2.829 + 64.6 
2.150 + 50.4 
1.722 + 37.4 
1.461 + 21.3 


8.761 + 98.9 
4.662 + 76.0 
3.160 + 60.6 
2.444 +475 
1.912 +35.8 
1.634 +21.4 


214 


S,5 


.053 +47.5 
.070 +31.2 
.081 +28.3 
.089 +23.6 
.097 +20.8 
.109 +16.2 


.043 +44.8 
.058 + 36.1 
.071 +34.8 
.079 +29.8 
.090 +27.9 
.103 +22.6 


.030 +46.9 
.043 + 46.0 
.057 +44.1 
.070 + 40.8 
.081 +37.0 
.094 +31.8 


22 


.710 —19.9 
.679 — 31.8 
.659 — 37.0 
.634 — 47.2 
.604 — 54.9 
.622 — 64.9 


-638 — 21.0 
.616 — 31.1 
.603 — 35.3 
-582 — 46.3 
-555 — 53.4 
-575 —63.8 


-554 — 21.0 
546 — 28.7 
548 — 33.1 
534 — 43.3 
-513 —51.3 
.528 —61.2 


MA-42110 


npn SILICON PLANAR TRANSISTORS 
FOR UHF AND MICROWAVE APPLICATORS 


Bulletin 5206 
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FEATURES 


= Very low noise figure 
Wide dynamic range 
High gain 

Gold metallization 
Low cost 


TYPICAL APPLICATIONS 
RF and IF amplifiers at frequencies through L-Band 


DESCRIPTION 


The MA-42110 transistor is an npn silicon planar transistor designed to give very low noise figure and wide dynamic range 
in the UHF and L-Band ranges. Gold metallization employed in the construction of the device results in a rugged, highly 
reliable transistor. 
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MA-42110 TRANSISTOR SPECIFICATIONS 


Noise Typ. Typ. 
Model Case Figure Ga (Max.) Ft. Is,,,./ 
Number Style dB dB GHz dB 
MA-42110 509, 511 1.2 Typ. 22 4.5 10 Min. 
510, 512 1.5 Max. 12 Typ. 
eS ee 
Test 
Conditions Vo, 10V Vogt lOV Vogt lOV Vag TOV Vega tOV 
1,=5 mA 1,=20 mA l= 50 mA log 7=20 mA 
f= 450 MHz f= 450 MHz f= 1 GHz 


ELECTRICAL PARAMETERS & RATINGS (case temperature 25°C) 


Symbol Definition Conditions 


Collector-base breakdown voltage I eo 10 uA 
Emitter-base breakdown \ =10yA 
Collector cut-off current Vien 10V 


Current transfer ratio Va 10V, l, =5mA 


Output capacitance Vo 15V 


Max. collector current 


CASE STYLES 
MA-42110 GEOMETRY 


209.230 
5.4) 5.84 
178 195 


as? 


500 yy 026.048 0 

? os 17 
Olo O19 ‘ 
041 048 O71 1,22 


O16 021 
0.41 0.53 EMITTER 


(511) 
KK 
(512) 


KCVAR LIO 
A120 CERAMIC om 


COLLECTOR 


0.279.0.321 re 
7,086-8,153 


eles 


0.122 0.134 UINCLUOING 


9.0015.0.0065 Sosa 403 OA SOLDER BUILO UPI 
i Coot ——S—ae Leads 1 3 Avatal: Common Baw 
0.195 0.215 J } 0.043 0 06 
0.0160024 3 OS? 


DIA 0.408 0.609 
§,841-7,112 | 2,413-2,667 | 0,406-0,609 | 0,914-1,117 1,270 
0.230-0,.280 | 0.065-0.075 | 0.016-0.024 | 0.036-0.044 . 
§,841-7,112 1,661-1,905 0,406-0,609 0,914-1,117 
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MA-42110-511 S PARAMETERS 


S-PARAMETER DATA 


PERFORMANCE CURVES 


1S,, ? dB 
Ga (max) dB 


FREQ. MHz 


500 
1000 
1500 
2000 
2500 
3000 


FREQ. MHz 


500 
1000 
1500 
2000 
2500 
3000 


FREQ. MHz 


500 
1000 
1500 
2000 
2500 
3000 


All specifications are subject to change without notice. 


MA-42110-511 
GAIN VS. FREQUENCY 


2 


FREQUENCY GHz 


.724 — 157.4 
.820 + 176.8 
.827 + 159.6 
.816 +149.5 
.843 + 139.9 
839 +128.6 


.725 — 170.4 
814 +170.3 
.821 +155.5 
.811+146.6 
.835 + 137.7 
.830 +126.8 


S,, 


.719 — 176.2 
.806 + 167.1 
.782 + 153.2 
.809 + 145.0 
.832 + 136.3 
.827 + 125.8 


TYPICAL MA-42110 S-PARAMETERS IN 511 PACKAGE 
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4.126 +91.2 
2.220 +64.8 
1.464 +45.9 
1.119 +30.4 
.845 +16.2 
.696 +2.3 


5.597 +88.1 
2.891 +65.0 
1.927 +48.3 
1.466 +34.0 
1.117 +21.0 

.934+ 6.7 


8, 


6.539 + 86.0 
3.274 +65.4 
2.192 +49.6 
1.666 + 36.1 
1.271 +24.1 
1.075 +9.9 


.067 + 19.0 
.068 +11.6 
.069 + 14.5 
.069 + 17.5 
.075 + 23.4 
089 + 24.9 


.045 +25.3 
.052 +28.1 
.062 +32.0 
.073 + 33.7 
.085 +34.5 
.101 +31.6 


Si2 


.035 +33.2 
.048 +40.2 
.061 +42.7 
.076 +41.4 
.090 +39.4 
-108 + 34.9 


.423 — 44.4 
.417 — 61.6 
.437 —78.0 
.459 — 96.7 
.498 — 114.0 
.560 — 129.4 


.270 — 61.3 
.254 —77.9 
.279 —92.3 
.307 — 109.9 
.355 — 124.4 
.422 — 137.5 


S22 


.196 — 81.1 
.179 — 98.5 
.208 — 111.3 
.237 — 125.3 
.285 — 136.4 
.351 — 146.4 
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Gallium Arsenide IMPATT Diodes 


MA-46021 through MA-46032 
0.5 and 1.0 Watt 
X-Band 


DESCRIPTION 
These Gallium Arsenide IMPATT Diodes (Impact lonization Avalanche Transit Time) are @ 


POWER GENERATION 
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junction devices that operate with a reverse bias sufficient to cause avalanche breakdown 
(typically 70 V and 125-150 mA). In such a diode, carriers are produced by avalanche 
multiplication. The negative resistance at microwave frequencies is the result of the ‘ 
current phase delay between the voltage and the current. This is produced by both carrier ; 
generation and the carrier drift through the active layer. In an appropriate circuit, these 

diodes will oscillate, producing a microwave output at an efficiency greater than 10%. 


APPLICATIONS 

These IMPATT diodes are useful as CW oscillators with up to 1 watt output power. They 
are ideally suited as final stage amplifiers for communication systems in the 10.7-11.7 GHz 
frequency range. 


FEATURES 


= Direct conversion from dc to RF with > 10% efficiency 
@ Low AM and FM noise 

® Low thermal resistance 

@ Low cost 
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~—65°C to 150°C 
Junction Operating Temperature 200° c* 
200°C — T Case 


Power Dissipation 
AT 


ELECTRICAL SPECIFICATIONS @ 25°C 


Operating Thermal? 
Frequency Efficiency” Resistance 
GHz 


8.0 
9.5 ‘ 0.5 
11.0 : 0.5 


8.0 : 0.5 
9.5 11.0 0.5 
11.0 12.5 0.5 


. Output power is measured in a tunable test mount.(See 4. Although the diode is capable of withstanding a junction 
Outline Drawing) temperature of more than 275°C during operation, reli- 
RF Power Out bility may be adversely affected. The maximum recom- 

. Efficiency = ————_ mended junction temperature of 200°C has been chosen 


de Power In ‘ 3 : 
3 : - ‘ 7 to provide long term reliable operation. 
. Thermal resistance is obtained by measuring the change in 


breakdown voltage with de current. 


TYPICAL OPERATING PARAMETERS @ 25°C 


Breakdown Operating Operating Junction? 
Voltage Current Capacity 
Volts @ 0 V Bias 


5.0 
4.5 
4.0 
5.0 
4.5 
4.0 


1, Package capacity and inductance per Outline Drawings. 2. The capacitance at breakdown is approximately 0.1 this value. 
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APPLICATION NOTES 


1) Since all IMPATT devices are susceptible to tuning induced failures (burnout), it is always necessary to reduce 


the bias voltage before tuning for maximum power. 


2) Caution: A severe load mismatch should be avoided to minimize RF burnout. 


3) The power supply should be carefully regulated to minimize voltage transients. 


4) Applications assistance and engineering drawings of the test fixtures are available upon request. 


5) Anode Heat sink 


TEST CIRCUIT 


DIGITAL DIGITAL 
VOLTMETER AMMETER 


CONSTANT 
CURRENT 
POWER 
SUPPLY 


TEST CIRCUIT 


DC CONSTANT 
CURRENT SUPPLY 
+ 60 Hz SWEEPER 


TEST 
CAVITY 


2 ~dB COUPLER 


NYTEK 
SPECTRUM 
ANALYSER 


PRECISION 
FREQUENCY 
METER 


10 dB COUPLER 


DIODE 
DETECTOR 


X INPUT 


IMPATT DIODE EQUIVALENT CIRCUIT 


TYPICALLY 
Co * SEE TABLE 


Le * 0.5 nH 

Ro = 1-10 OHMS 
L PKG. ~ SEE OUTLINE DRAWING 
C PKG. = SEE OUTLINE DRAWING 


IMPATT DIODE EQUIVALENT CIRCUIT 


TEST SET-UP FOR MEASUREMENT OF POWER, FREQUENCY AND TUNING CHARACTERISTICS 


CASE STYLES 


OF GaAs IMPATT DIODES 


Not to scale. 


POWER GENERATION 
AND AMPLIFICATION 


TYPICAL PERFORMANCE CHARACTERISTICS @ 25°C 


TYPICAL PERFORMANCE DATA OF 
X-BAND IMPATT DIODES — MA-46027 


TYPICAL FREQUENCY CHANGE 
WITH DC CURRENT 50 mA 


OSCILLATOR LOADED 
Qe 3 


Vg @ 1.0 uA * 2 VOLTS 
FREQUENCY = 10.0 GHz 


= 
= 
°o 
% 


WATTS 


70 90 100 
DC CURRENT mA 


CHANGE OF OPERATING FREQUENCY Af MHz 


TYPICAL AM NOISE VS. FREQUENCY 
FOR MA-46028 


CW POWER OUTPUT Po 


F = 10.2 GHz 
POWER OUT 0.5 WATTS 


POWER CONVERSION (RF/dc) EFFICIENCY 


50 
DC CURRENT mA 


TYPICAL BIAS VOLTAGE CHANGE 
WITH CURRENT AT 25°C 


(a) 
2 
< 
a 
Ww 
7 
n 
w 
ad 
[o) 
= 
nn 
° 
- 
< 
« 
w 
2 
jo} 
z 
~ 
a 
< 
z 
9 
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100 1000 10,000 100,000 
FREQUENCY FROM CARRIER Hz 


Vg @ 1 HA = §2 VOLTS 


TYPICAL POWER OUTPUT VS. FREQUENCY 


VOLTS 


MA-46028 
MA-46027 


WATTS 


REVERSE BiAS VOLTAGE 


MA-46021 MA-46023 


POWER OUTPUT 


50 . F 10.0 11.0 
DC CURRENT mA FREQUENCY GHz 


All specifications are subject to change without notice. 
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Tunnel Diodes 
For 

Microwave 
Amplifier 

And 

Oscillator 
Applications 
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Germanium Tunnel Diodes 
for Microwave Amplifiers 


Gallium Arsenide Tunnel Diodes 


for Microwave Oscillators Microwave Associates, Inc. 
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FEATURES 


Germanium Tunnel Diodes for Microwave Amplifiers 


High gain bandwidth product 

Low DC power consumption 

Excellent Temperature and Gain Stability 

Amplifier diodes available with noise figure under 5 dB up to 16 GHz 
High reliability versions are available 


Gallium Arsenide Tunnel Diodes for Microwave Oscillators 


@ Low DC power consumption 

@ Excellent frequency stability 

@ High DC to microwave conversion efficiency : 

= Output power from tunnel diode oscillators is sufficient to provide local oscillator power for back diode mixers through 
through X-Band. 
High resistance to radiation damage 
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Germanium Tunnel Di | MA-4C250 Series 
: Diotes lor MA-4C260 Series 


Microwave Amplifier Applications MA-4C270 Series 


This series of Germanium Tunnel Diodes is recommended for use in amplifiers into Ku-band. The MA-4C250, 260 
and 270 series are representative of the modifications in characteristics which can be made. 


CASE STYLES 


TYPICAL TYPICAL 
187 


TYPE H 


@ Denotes Cathode End Not to scale. 


MAXIMUM RATINGS @ Ta= 25°C ENVIRONMENTAL RATINGS PER MIL-STD-750 
(unless otherwise specified) 
Method Levels 


Incident CW RF Power 20 mw Temperature, Storage 1031 See max. Rating 
DC Current 5.0 mA Temperature, Operating - See max. Rating 
Temperature Range —65°C to +100°C 10 cycles 
Temperature Cycling See max. Rating 

Shock 1200 g’s 

Vibration 20 g’s 

Constant Acceleration 20,000 g's 

Humidity 10 days 


ELECTRICAL SPECIFICATIONS @ Ta = 25°C 
Min. 
Resistive Junction 
Cutoff Capacitance Typ. Typ. 
M/A' KMC_ Frequency R., R, 
Ohms Ohms 


MA-4C250 G25001 : 105 
MA-4C251 G50001 : 105 
MA-4C252 G10001 : 105 
MA-4C253 G15001 : : 105 
MA-4C254 G20001 : : 105 
MA-4C255 G25X01 . : 105 
MA-4C256 G30001 : . 105 
MA-4C257 G40001 : f 105 
MA-4C258 G50X01 . E 105 


NO FW WHY DN 


5 (mA) = 1.0 10%. 
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AND AMPLIFICATION 


ELECTRICAL SPECIFICATIONS (CONT.) 


Min. 
Resistive Junction 
Cutoff Capacitance : Typ. 
M/A KMC_ Frequency pF R, 
Type Type GHz Typ. Max. Ohms Ohms = Max. 


1 


1.30 
1.30 
1.35 


MA-4C260 G25015 2.5 : 6.0 
MA-4C261 G50015 5.0 : 3.1 
MA-4C262 G10015 10.0 ‘ 1.4 
MA-4C263 G15015 15.0 3 0.9 
MA-4C264 G20015 20.0 ; 0.75 
MA-4C265 G25X15 25.0 é 0.6 
MA-4C266 G30015 30.0 F 0.4 
MA-4C267 G40015 40.0 ; 0.3 
MA-4C268  G50X15 50.0 : 0.2 


Noo gf WWNH ND 


| (mA) = 1.5 10%. 
e Min. 


Resistive Junction 
Cutoff Capacitance 
KMC Frequency pF f 
Type GHz Typ. Max. Ohms Ohms Max. 


MA-4C270 = =G25002 2.5 6.9 7.5 
MA-4C271 G50002 5.0 3.5 4.0 
MA-4C272 G10002 10.0 1.3 1.6 
MA-4C273  Gi5002 15.0 : 1.2 
MA-4C274 G20002 20.0 . 1.0 
MA-4C275 G25X02 25.0 : 0.9 
MA-4C276 G30002 30.0 . 0.7 
MA-4C277, = G40002 = 40.0 ; 0.5 
MA-4C278 G50X02 50.0 ; 0.3 


1.30 
1.30 
1.35 
1.40 
1.40 
1.45 
1.45 


2 
2 
3 
3 
4 
4 
5 
5 
6 


NOTE: 


Z + 
1D (mA) = 2.0 + 10%, 1. Add suffix D or H after M/A type number to specify case style. 


THEORETICAL TUNNEL DIODE AMPLIFIER NOISE FIGURE IN dB 


TDA NOISE FIGURE dB 


4 5 67 8910 
OPERATING FREQUENCY GHz 


All specifications are subject to change without notice. 
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Tunnel Diode Amplifier Application Notes 


T. D. FORWARD STATIC IV 
CHARACTERISTICS 


|_ NEGATIVE 
| RESISTANCE 
'@ REGION 


DIODE CURRENT 


VW 
DIODE TERMINAL VOLTAGE 


NOISE FIGURE 


Tunnel Diode amplifier noise figure in db can be calculated using the 
formula : 


NF (db) = 10 [ tog (1+K)+log (-Bnlt Rs ) +t09 


| Rn| wa) | 


fro?-f 


GAIN BANDWIDTH 


The voltage gain of a reflection type tunnel diode amplifier is given in 
its simplest form by: = 
Gy = Zu — 2a 

ZL +2Zd 
where Z. is the characteristic impedance of the load and Za is the RF 
impedance of the diode. The maximum gain’ bandwidth that can be 
achieved by such an amplifier in the idealized case where the diode is 
assumed to consist of a shunt capacitance across a negative resistance 
terminating a line and tuned by a shunt inductance is: 

fo_ Ri — Ra 

me! 2rRv RaCa 


RL= Resistive portion of load impedance 

Rg = Overall equivalent RF resistance of diode 

Ca = Equivalent capacitance of diode i.e.; capacitive portion of Za 
Ri Ra 


Q = Overall circuit Q = we a 


DEFINITIONS: 


Rin =|R [+R s| 


R i> the junction negative resistance at the point on 
the |-V curve which makes Rj most negative. 


EQUIVALENT CIRCUIT 
Ls Rs 


DYNAMIC RANGE 


The dynamic range of an amplifier is the input signal variation over 
which the amplifier functions effectively. The lower limit is determined 
by noise figure; the upper limit by saturation. To compare the effect of 
semiconductor materials on dynamic range, consider gallium anti- 
monide, germanium, and gallium arsenide diodes with the same values of 
Rmin. The peak current values for equal Rmin. are in the respective 
ratios of 1 to 1.5 to 2.5. The tevel at which saturation occurs is roughly 
Proportional to 10 log ip2. Thus, for a 2.5 to 1 variation of Ip, the 
saturation level changes by about 8 db. Fortunately, this variation is 
considerably larger than is the noise figure variations for each material 
so that a net result of about 5 db in dynamic range is effected by 
using a gallium arsenide diode in place of a gallium antimonide device. 


Cc, (total capacitance) is C + Cc, (Package Capacitance) 
Shot Noise Contribution (K) 
K =20I R 
° n 
I, = bias current at low noise point 


R, = negative resistance measured at I 
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POWER GENERATION 
“AND AMPLIFICATION 


MA-4C700 Series 


Gallium Arsenide Tunnel Diodes pane 


for Microwave Oscillator MA-4C720 Sories 


Designed specifically for Microwave Oscillator Applications, these GaAs Tunnel Diodes feature low noise and low DC 
power requirements. 


CASE STYLES 


187 190 
TYPE H TYPE D 
TYPICAL TYPICAL 
L_ =0.1 nH 


NOTE: ® Denotes Cathode End. 
Not to scale. 


MAXIMUM RATINGS @T ar = 25° ENVIRONMENTAL RATINGS PER MIL-STD-750 
(unless otherwise specified) 

Method Levels 
Incident CW RF Power 0.5 watt peMmperatute/ Stl age ns} See nae ae 
DC Current’ 5.0 mA Temperature, Operating - See max. Rating 
Temperature Range —65°C to +100°C 10 cycles 
Temperature Cycling 1051 See max. Rating 
Shock 2016 1200 g’s 
Vibration 2056 20 Qg’s 
Constant Acceleration 2006 20,000 g's 
Humidity 1021 10 days 


NOTE: 
1. I, of GaAs Tunnel Diodes should be restricted to a value in milliamps equal to or less than % the Junction 
Capacitance value in PF ( I, max. = Cs, ) 


2 


MICROWAVE ASSOCIATES, INC. suatincton, MASSACHUSETTS 
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ELECTRICAL CHARACTERISTICS @ T, = 25°C 


I, (mA) = 5 + 10%. Min. 
Resistive Typ. 
Cutoff Junction Typ. Typ. 
M/A2— KMC Frequency Capacitance R, R., 
Type Type GHz pF Ohms Ohms 


A AT 


MA-4C700 A10005 10 1.1 4.0 45 
MA-4C701 A15005 15 76 4.0 45 
MA-4C702 A20005 20 50 5.0 45 
MA-4C703 A25005 25 36 6.0 45 
MA-4C704 A30005 30 .28 7.0 45 


A40005 40 19 8.0 45 


MA-4C705 


Ip (mA) = 10 + 10%. 


Min. 
Resistive Typ. 
Cutoff Junction Typ. Typ. 
M/A2 KMC Frequency Capacitance R, R 
Type Type GHz pF Ohms Ohms 


MA-4C710 A10010 10 2.1 2.0 25 
MA-4C711 A15010 15 1.1 3.0 25 
MA-4C712 A20010 20 72 4.0 25 
MA-4C713 A25010 25 .50 5.0 25 
MA-4C714 A30010 3¢ 37 6.0 25 


MA-4C715 A40010 40 .26 7.0 25 


POWER GENERATION 
AND AMPLIFICATION 


Ib (mA) = 20 + 10%. Min. 


Resistive Typ. 
Cutoff Junction Typ. Typ. 
M/A KMC Frequency Capacitance R_. Rr. 
Type Type GHz pF Ohms Ohms 


MA-4C720 A10020 10 3.5 1.5 10 


MA-4C721 A15020 15 1.6 3.0 10 
MA-4C722 A20020 20 1.0 4.0 10 
MA-4C723 A25020 25 .64 5.0 10 
MA-4C724 A30020 30 53 6.0 10 
MA-4C725 A40020 40 39 7.0 10 


NOTE: 
2. Add sutfix D or H after M/A type number to specify case style. 


All specifications are subject to change without notice. 229 


NtONS <2 4 ee 


hottky Diodes for 


Millimeter@implications ..........0 00. eee eee eae 


Silicon Epitaxial Wafers 
and Substrates 


FEATURES: 

@ Low-resistivity substrates 

® Epitaxial layer resistivity profiling 

® Custom growth techniques/profiles 

m@ [nverse epitaxy 

B® 1-1/2 to 3-inch diameter 

= Epitaxial layers 0.001 to > 100 ohm-cm 

@ Epitaxial layers << 1 to > 150 microns thick 
@ [ngot growth, fabrication, polishing 

# Silicon nitride/silicon dioxide 
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MICROWAVE ASSOCIATES SILICON EPITAXIAL WAFERS AND SUBSTRATES — 


for discrete devices, MOS and IC applications. 


Our primary goals are two-fold, one is to provide epitaxial wafers with designed resistivity profiles through the layer 
utilizing specific growth techniques. All runs are evaluated by inversion profiling or differential capacitance of actual 
wafers produced and/or four-point probe resistivity on control wafers. Virtually all types of single and multiple layer 
structures are available. Our second goal is to provide low-resistivity substrates and ingots for use in discrete devices. 


Complete crystal growth, fabrication, slicing, polishing, epitaxy and evaluation capabilities are available. 


NOTE: Most wafer specifications result in slip, lineage and dislocation-free materia! as determined by the ASTM Standard Method 
of Test for “Crystallographic Perfection of Epitaxial Deposits of Silicon by Etching Techniques.”’ 


EPITAXIAL REACTOR 
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WAFER CAPABILITIES 


Up to 3 inch diameter 
Epitaxial layer thickness of less than one micron to 
greater than 150 microns 
Epitaxial layer resistivity of less than 0.001 to greater 
than 100 ohm-cm 
Maximum stacking fault density of less than 25/cm? 
and dislocation density of less than 1000/cm? are 
standard 
Heavily - doped polished substrates and ingots are 
available and grown to specifications: 

- Dopants include Arsenic, Antimony and Boron 


Substrate resistivities are available as follows: 
Boron - Doped (P)}: as low as 0.0007 ohm-cm 
Arsenic - Doped (N): as low as 0.0010 ohm-cm 
Antimony - Doped (N): as low as 0.006 ohm-cm 
Chemically, vapor - deposited Silicon Nitride and/or 
Silicon Dioxide can be grown on Substrates and Epi- 
taxial wafers 
Wafers can be characterized by inversion profiling or 
differential capacitance 
Profiling service; as a service, Epitaxial wafers can be 
characterized by inversion profiling 


Wafers are produced as standard according to SEMI specifications where applicable; however, wafers can be produced to 
any desired parameters. 


The following Epitaxial layer tolerance specifications are standard on wafers up to 2-inch diameter: 


EPITAXIAL LAYER THICKNESS 


Thickness Within a Wafer 
<2 microns +10% 
2-5 microns + 8% 
5-10 microns + 8% 
> 10 microns + 5% 


EPITAXIAL LAYER RESISTIVITY 


Resistivity Within a Wafer Wafer to Wafer 


Wafer to Wafer 
+15% 
412% 
+10% 
+ 8% 


<0.1 ohm-cm + 8% +10% 

0.1-3 ohm-cm +10% +15% 

3-10 ohm-cm +10% +20% 

10-50 ohm-cm +15% +30% 
50-100 ohm-cm +20% +40% 

> 100 ohm-cm +20% To Be Specified 
VISUAL SPECIFICATIONS 


Inspection: 100% of the wafers are inspected according to the following criteria: 
Epitaxial wafers are viewed in normal room lighting with the unaided eye, following removal from the reactor. 


Positive defect criteria: 


A maximum number of five positive defects (‘spikes’) across the wafer area, excluding the outer 5 mm of peri- 
pheral area, are permitted. A positive defect is defined as a protrusion greater than 10 microns high and greater 


than 20 microns in diameter. (Measure under magnification). 


The outer 5 mm of peripheral area may contain up to eight positive defects, but the maximum number of defects 


permitted across the entire wafer is eight. 


Negative surface defect criteria: 


A maximum of three negative (pits, voids’’) defects are permitted across the entire wafer. 


No visible haze, interference films or other surface contamination is acceptable. 


A maximum number of surface scratches permitted is three, although no scratches are greater than 10 mm in length. 


Only unbroken, whole wafers are acceptable. 
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GENERAL SPECIFICATIONS 


Resistivity is measured by inversion profiling, differen- 
tial capacitance and/or the four-point probe technique 
- at the center and mid-radius of each of the four quad- 
rants on a representative number of useful wafers. 


Thickness is measured by ASTM - corrected or un- 
corrected infrared reflectance techniques on every 
wafer were applicable. The specifications apply to the 
entire wafer excluding the outer 5 mm. Wafer to 
wafer values are the average of the centerline readings. 


Tolerances apply to all types of layers.and substrates 
up to 2 inch diameter, except resistivity of undoped 
Jayers on arsenic-doped and low resistivity (<0.005 
ohm-cm) boron-doped substrates. 


Surface characteristics may differ for layers greater 
than 10 microns thick grown by thermal decom- 
position of silane. 


Tighter tolerances, specific-shaped impurity pro- 
files, “‘spike’’ “step” and “‘hyper-abrupt”’ profiles, 
layer resistivities greater than 100 ohm-cm, very 
low resistivity substrates, unusual quantities or 
other special requirements can be grown to spec- 
ifications mutually agreed to between the customer 
and Microwave Associates. 


WAFER EVALUATION 

Wafer runs can be evaluated by inversion profiling - a non- 
destructive method which plots the impurity profile as a 
function of thickness through the epitaxial layer. 


Each substrate lot is evaluated and characterized for re- 
sistivity, orientation, crystalline defects and all physical 
parameters. 


EVALUATION LEVEL 

QUALITY A EVALUATION 

100% uncorrected IR measurements of epitaxial layer 
thickness. 


Two to five wafers from a run are evaluated by inver- 
sion profiling. In some instances, control wafers are 


also evaluated using the four-point probe method. 


QUALITY B EVALUATION 
100% uncorrected 1R measurements of epitaxial layer 
thickness. 


Resistivity determined by four-point probe measure- 
ment of control wafers. 


Resistivity tolerance is +5% higher for wafer-to-wafer 
values in each category. 


All specifications are subject to change without notice. 
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QUALITY C EVALUATION 

{for epitaxial layers < 2 microns thick) 
Representative samples from each run are evaluated 
for resistivity and thickness of the epitaxial layer 
where applicable, by ASTM corrected IR thickness 
and inversion profiling; and/or four-point probe 
measurement of control wafers. 


QUALITY D EVALUATION 

(n* and pt inverse epitaxy) 

Thickness of every substrate, where applicable, is 
measured and identified. 


All wafers are measured for epitaxial layer thickness 
and representative samples are measured for resistivity 
using the four-point probe technique. 


ORDERING INFORMATION 


Microwave Associates type MA-4935 (epitaxial wafer) - 
XXXX (to be assigned by MA). 


Nominal Qualitative Information Required: 


EPITAXIAL LAYER 

Type 

Thickness (microns) 

Resistivity (ohm-cm) 

Dopant (N-Phosphorus, P-Boron) 
Quality Evaluation Level (A, B, C, D} 


SUBSTRATE 

Type 

Dopant (Boron, Antimony, Arsenic) 

Resistivity (ohm-cm) 

Diameter (inches) 

Thickness (mils) 

Orientation 2° - 3° off (111) is standard for (111) 
Flat (inches) (110) is standard for (111) 


prrr serene 
10" ‘ 
| 


10" 


EPI LAYER SUBSTRATE —————™ 


10"° N N+ 


N,, — ATOMS/CM? Si 


g 
FS 


10° 
19) 5 10 15 20 26 30 


X — THICKNESS IN MICRONS 


RESISTIVITY PROFILE OF N/N+ EPITAXIAL WAFER 


Semiconductor 
Ceramic to Metal 
Packages 


FEATURES 

® Capability for close tolerances 

= Custom parts made to order 

@ Ten year background in high reliability production 

® Quality control - all parts checked to 1% A. Q. L and 


inspection level II in accordance with MIL-STD-105 
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MICROWAVE ASSOCIATES SEMICONDUCTOR CERAMIC TO METAL PACKAGES 


Microwave Associates offers a variety of standard package styles to the circuit design engineer. 


All standard ceramic packages are hermetically sealed to meet 1% A. Q. L. unless otherwise specified by the customer 
and all dimensions and push tests are at 1% A. Q. L. unless otherwise specified. 


Microwave Associates high quality control standards comply with MIL-Q-9858. This guarantees uniform performance 
through advanced manufacturing and packaging techniques. Optimum strength and bonding compatibility is assured 
in our modern and contamination free manufacturing facilities. 


The Company also offers a complete engineering service to assist our customers with special design problems or require- 
ments. Custom engineered ceramic-to-metal packages will be supplied upon request. 


Caps are available upon request. 


CERAMIC TO METAL SEALS 


Microwave Associates’ capability in the development and 
production of precision ceramic to metal seals is demon- 
strated by the broad number of packages which are illustrated 
in this brochure. Examples include microwave windows, 
Gunn tuners, cathode supports, tuning rings, high voltage 
bushings, and various assemblies for microwave power tubes. 


Of course, all seals are fabricated to meet the most stringent 
environmental requirements. 


MATERIAL CAPABILITY 
Ceramic: 94 - 96% AL,0, © 10min. Storage Temperature to 600°C 
FLANGE betas DSEMEUcIEY siete 
O Hermiticity: 10°° cc/sec. 
Kovar QD Concentricity: .005 TIR (Standard) 
Copper-clad Kovar (Standard) 
Copper 
NOTES: 
BASE 1. Pedestal surface to show no evidence of brazing. 
Te-Cu (Standard) 2. Parts may be gold plated to customer specification. 
3. Special parts made to customer specs. and tolerances. 
OFHC 
Kovar 
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PACKAGE STYLES 


: ; inish 
Part No. Base Material Part No. Dim. “A’ 
Po eat aie fe ae ee .035-.038 
.028-.032 
diva abled Pome ee 3 0,71-0,81 aa 


118-122 DIA. 
3,00 - 3,10 ” 
118-1 : 

WELD 118-122 O14, 
FLANGE 

047 -.051 ya, 

1,19 - 1,30 
.039 - 041 DIA\ 


009-011 009 - . 039 -.041 pip. 
¥ 02 028 0,28 23 - 0, 0,99 - 1,04 


Villtlld aa 


ai el ah me 
aE 


F ’ BASE PRONG 
CERAMIC i an 
077 - .083 
Corresponding 1.95 2.11 
Package Style M/A Case Styles 


MA-422-40602 30, 36 

MA-422-41333 7 

MA-422-41152-1 31, 55, 108 

MA-422-41152-2 = 

MA-422-40830 32 

MA-422-40596 = 

MA-422-40881 43, 98 

MA-422-41509 142, 143 mae 
MA-422-41106 91 240.042 aoe 
MA-422-41019 94, 95 as ais 
MA-422-41018 96, 97 

MA-422-41169 11 

MA-422-41067 103 

MA-422-41280 117 

MA-422-41357 118 

MA-422-41423 138 

MA-422-41597 153, 154 


MA 422-40830 


SPECIAL PRODUCTS 


NOTE: 


This information is for reference only. The M/A Case 
Styles shown above utilize, as one of their parts, the 
package styles shown. 


Not to scale. 
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PACKAGE STYLES (Continued) 
MA 422-40596 


FLANGE 


018 - 022 
0,46 - 0,56 


CERAMIC 


BASE PRONG 


| ame on 
-259 - .261 DIA. best mt — 
6,58 6,03 207-213 pra. 


193-198 DIA. 
jenegq——— 193-195 DIA 526-5,41 


4,90 - 4,95 


.147-.153 DIA. 


128 - .132 DIA. 
3,25 - 3,35 


rhe . 

\\ ‘ MA 422-40881 

SS 

io MA 422-41509 
Dy nee 


THREADED BASE 


INTERNAL SPLINE SOCKET 


Not to scale. 


PACKAGE STYLES (Continued) 


MA 422-41019 


WELD 
FLANGE 


.079 - .081 DI. 


.028 - .032 DIA. 
0,71 - 0,81 
019 -.021 DIA. 
0,48 - 0,53 


ith 


038-046 .021 -.027 
0,97-1,17 0,53-0,69 


1,22 - 1,32 
DIA. 


CERAMIC 
BASE PRONG 


MA 422-41106 


118-122 pia, 
3,00 -3,10 


i — 


0, 
CERAMIC 


BASE PRONG 


MA 422-41018 


WELD FLANGE 079-081 DIA 


O28 - 032 DIA. 
0,71 -0,81 
019 -.021 DIA, 


CERAMIC 


0,53 - 0,69 


0,61 - 0,66 
DIA. 


1,22 - 1,32 
OIA. 


Not to scale. 
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SPECIAL PRODUCTS 


047 -.051 py, 
1,19- 1,30 


.050 - .058 


pee .009 - .011 
0,23. oe 


0,23 - 0,28 


160 - .194 
4,57 - 4,93 


MA 422-41169 


+ .122_ DIA. 


CENA, 


MA 422-41067 


118 - 122 DIA. 
3,00 - 3,10 


099-101 DIA. 


WELD 
FLANGE 


0,89 - 0,09 


.180 - .194 
4,57 - 4,93 


THREADED 
BASE 


#3-48 UNC-2A 


INTERNAL 
WELD SPLINE SOCKET 
FLANGE 


CERAMIC 


THREADED 
BASE 


#3-48 UNC-2A 


MA 422-41280 


078-080 pia. 
1,98 - 2,03 


1,19 - 1,30 
009 -.011 


CERAMIC 


009 .011 
0,23 - 0,28 


015 x 45° CHAM. ~« -228 - .232_DIA. 


38 5,79 - 5,89 


108 -.172 DIA. 
2.73 - 2.84 


1,40- 1,75 


SS 
WS 
2154 - 166 SS 
3,91 - 4,22 


. .157 - .163 DIA. 
3,99 - 4,14 
TUNGSTEN 
DISC 


186 -.190 DIA. 
472-483 


Not to scale. 
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NS 


0,97 - 1,07 


PACKAGE STYLES (Continued) 


MA 422-41357. 


100 - 102 DIA. 


019 -.021 gia. 
0,48 - 0,53 


048. .052_ pia, 
1,22- 1,32 
014-018 
0,36 0,46 


009 -.071 


0,23 - 0,28 


CERAMIC 


THREADED BASE 


MA 422-41423 


114-116 DIA. 
2,90 - 2,96 


O13 -.013 DIA. 


014-018 pp. 
0,36 - 0,46 


019 - 021 
0,48 - 0,53 


010 -.014 
0,25 - 0,35 


#3-48 UNC-2A 


THREADED 
BASE 


MA 422-41597 


.159.-.161 DIA. 
014-018 4,04. 4,09 
0,36 - 0,46 .007 - .009 
0,18 - 0,23 088 - 096 pia, 
2,24 - 2,44 WELD FLANGE 


Uthy V dda 
7 7. 


SPECIAL PRODUCTS 


028 - .032 
0,71 - 0,81 


Not to scale. 


All specifications are subject to change without notice. 
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Silicon MIS 
Capacitors 


MA-4M Series 


Bulletin 4052A 


Microwave Associates, Inc. 
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DESCRIPTION 


The MA-4M series of silicon chip Capacitors utilizes a non-oxide insulator as the dielectric layer. They offer improved 
reliability and ruggedness over similar MOS capacitors, They exhibit higher capacitance per unit area, resulting in 
smaller chip size. Refractory metallization techniques are used for contacts thus providing excellent metal to semi- 
conductor adhesion. All chip capacitors in this series are saw-cut from their wafer. 


APPLICATIONS 


Silicon MIS capacitors are high Q devices, giving excellent insertion loss characteristics for high frequency applications 
compared with ceramic chip capacitors. They are used from UHF through Ku-band and exhibit less than 0.1 dB 
insertion loss over this frequency range. 


MAXIMUM RATINGS 


Operating Temperature ~—55°C to +200°C 
Voltage Breakdown 125 Volts Min. 
Temperature Coefficient 180 PPM/°c 


TYPICAL APPLICATIONS IN RF CIRCUITS 


® D-C blocks, Capacitive Coupling 
= R-F Bypass Capacitors and Fixed Capacitive Loads 
® Tuning of Oscillators, Multipliers or Filter sections 


OUTLINE DIMENSIONS 


Metallized 
back contact Refractory top 
metallization 
Case Case Case Case 
Nominal Style Style Style Style 


Dimensions 134 132 199 


x 


0,11 0,11 


ELECTRICAL CHARACTERISTICS @ T, = 25°C 


Capacitance Model* 


pF Number 


MA-4M0001 

MA-4M0005 
MA-4M0010 
MA-4M0020 
MA-4M0025 
MA-4M0030 
MA-4M0040 
MA-4M0050 
MA-4M0060 
MA-4M0070 
MA-4M0080 
MA-4M0090 
MA-4M0100 
MA-4M0125 
MA-4M0150 
MA-4M0175 
MA-4M0200 
MA-4M0250 
MA-4M0300 


SPECIAL PRODUCTS 


NOTES: 


. Special devices with breakdown voltage ratings at 400 Volts 4. Contacting leads can be provided on special request. 


D-Crare avaliable. 5. Each MIS capacitor has gold contacts, both front and back. . 


. £10% Tolerance. Data is measured at 1 MHz, 25°C using a 


. Additional chip sizes are available on request for specific 
Boonton Mode! 75D Bridge. 


capacitances within the limitations of contact size needed 
. These chips are capable of withstanding 100 Volts at 1 50°C for fabrication. 
for 250 hours with no capacitance change. 


All specifications are subject to change without notice. 
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Gallium Arsenide Millimeter 
Schottky Diodes Applications 


DESCRIPTION 


Microwave Associates has just introduced a line of low noise zero bias Gallium Arsenide Schottky diodes for millimeter 
wave receiver applications up to and beyond 100 GHz. The diodes are optimized for mixing and detecting of very 
weak signals, and are available in hermetically sealed packages as well as chips. 


The advantage of Gallium Arsenide material over silicon is that its electron mobility is six to seven times greater than 
that of silicon. This higher electron mobility gives rise to lower spreading resistance, higher cut-off frequency and lower 
thermal noise. 


Chips used for applications at 90 GHz and above carry a multitude of Schottky diodes to be contacted with a whisker. 
“Diodes optimized for 90 GHz exhibit a typical junction capacitance of .005 pF and spreading resistance of 1022, re- 
sulting in values of cut-off frequency in excess of 1000 GHz. At lower frequencies, both chips and packaged devices 
are used, the latter consisting of a thermo-compression bonded GaAs Schottky chip mounted in jsmal!l hermeticaly 
sealed ceramic packages. 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C 


Typ. 
Junction Series 
Model Frequency Capacitance Resistance 
Number GHz pF Ohms 


MA-40401 48 
MA-40402 4-8 
MA-40403 : 4-8 
MA-40406 F 4-8 


MA-40408 4 5-10 
MA-40409 : 5-10 


MA-40410 . 6-12 
MA-40412 : 6-12 


NOTES: 


1. Fie = 30 MHz; NFie = 1.5 dB; Plo = 2 mW; 0 Volts Bias. 
2. Video Bandwidth = 2 MHz 


3. Complete case style description as well as other case styles are available on request. 


MICROWAVE ASSOCIATES, INC. sBurLincTon, MASSACHUSETTS 


All specifications are subject to change without notice. 
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Model 

Number Page 
TIN2 1D eed Sik a ees 8 
TIN 21 Ee i te tien rth ERE 8 
UN2Q1F eee ee eee ek Be ee 8 
UN2AG: os.duegesieté Ba he hoa 8 
TNQAIWE. «es éeg trastesi gue eee how 9 
IN2IWG 2... ee 9 
TWN23C- 5.0 Awd Jeane ed hed 8 
TN 23D) 2 o2ese 06 3k Ses RS 8 
VIN 2SE: issue atin tp teen aoa eRe 8 
TN2QSR deine osha. dee woe em be ea 8 
IN23G 2 ccc eee ee a 8 
WN23H) deena se owen sas 8 
IN23WE ... 2... 02. ee ee es 9 
IN2BWG..... 2.20... 200008- 9 
UN2GB. ve scence tele aoa sre eet es 1 
TINB2: oo sian Re dee ee 47 
TING Bie: ecdiae tele in lew Re a6 A 10 
PNG SA gi eos ee eae ee die 10 
IN53B 2... we ee ee ee 10, 11 
TNS 8C: vice ce cd acai e aoa cedes 10 
TNS 3D: Bese i eee ate 10 
ANT BB! cs Bp OS wile So oe bee kB 10 
IN786 3 og ba 10, 11 
INT8D) os ee Sh iS ees 10 
TINGBE: isdn ge hatte se awe a 10 
INI BEd oh ciotan ode dos 10 
IN78G 1.1... 0. ee eee 10 
INB2A 6s ced lite eee 45 14 
WIN V4 ise eae pe se ea da 16 
IN2683.-6 ee ek ee ea wen 16 
TNA TSG. seen seed horde eats 8 
VN4TSD ose Ses eB a ee 8 
NAT Be ecgeas wee te Ae be 8 
AN@1OB ie es ee ee aed 8 
IN415G 1.1... . ee ee eee 8 
IN415H 2.0... ee ee ee 8 
IN416D 1... ee ee 8 
TNGIGE:. seo ane eel esac a 8 
TNA 1GFi. soe ace ee hae ees 8 
IN416G 1... ee eee 8 
INS30) ovichs eg ats ele a os 47 
INB30A 2... ee ee 47 
TNS SVs sens ei cuscatce af tapes ee eos 13 
ENGST AS gl sie ee sleet ta ah ae 13 
INSS1B 5 fice cle a eect ed Eta 13 
UNS31C ets eo Be hee 13 
ING322 oes 2 oe ae a a 13 
INSS2A) ie ee eee 13 
JN832B. .......... 000 13 
VWNB32GC) es i ses ao Te ee 13 
ANS SS iiss Fv Sop ee a 43 


INDEX OF MODEL NUMBERS 
Model 
Number 


IN3130...... 0.0. eee 
IN3138. 0.0.0.0... 000208 


IN3143. 2 ee 
IN3655..................16 
INSGBBA. 2. ees 
IN3655B. 2.0.2... ee eee 


INS7 12 Se cee eae as 
IN3713. 0.0.0... 00.0220 ee 
WING IVA ss htt coe ah estat i oe oe a dal 
INSAVS. occ eee a ee ed 
ING716 sos ee ceias cae ke 
VIN SF VP 6h. dese st Sac tetas an tenet 
IN3719. 2... eee 
IN37202 cdc ce & eed 
IN37 210 oe oe es Bg ee eos 


TN37 4B es oe ee ao al eas 9, 16 
ANGST 7B ince ote d stipe Mea ae 


IN3847. 0... ee 
1N3848...........0.02, 
IN3849. 0.0.0... 0.000205 
IN3850: 6. eee eta 
INS891 7... koe eae ea 
IN3852. 02.0 c eee ees 
1N3853...........20046. 
IN3854. 0.0.0.0... 000055 
INS856 se ioe eee eed 
IN3B887 526 ce eee ee es 
IN3858. 0.0.0... 0.02 eee 


IN4604. 0. ees 
IN4605..........000006- 


IN5767.0 ees 
2N2857. ees 
2N3570. 2... 0. . ee eee 
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Model 

Number Page 
QNGD TT sich i eset aul Paces Ae 200 
Q2N3572. 0... ee 200 
2N3683.............-.- 200 
ZN3839) 6 i ios han eae gs 200 
2N3880...0 0464 bee eee es 200 
2N3953. 2... ee 200 
2N5034)5-0 00. eo aie ee es 200 
QN5032 28a a cack Manes 200 
2NS053. 2... ee ee 200 
2N5054......... 000 008- 200 
2N5179. 2... ee ee 200 
AQ000.5 ........... 000s 148 
AQ00O 4 ite cP ens wk hee wir 148 
AQOOOS.........-... ce 148 
AQ0010. 2 eh ee bated 148 
A00020.............4.. 148 
AQOO5O............00.. 148 
AOO100 3.3.23 4.2 Jase? had were & 148 
AD0200 0.032 stam gic Gia eee 148 
AQ500.5 ............... 148 
AQ5001...........-.04. 148 
AQ5 005 iiss bisa 4 hg Ake 148 
AQ5010.......... 0.006. 148 
A050 20 een ed Aa ane es 148 
A05050 | «oes ee eae 148 
ANIQ0005; 8c ek ae aS 229 
A10010.............2.. 229 
A10020.........--..... 229 
A500 3b. igohe Oar eee hs 229 
A15010 0.26 sock eae pee 229 
A15020...... 0.00.00 229 
A20005 goed ea eee ee 229 
P2001 Oe aici scat ante: S 229 
A20020..........-.-06- 229 
A25005..........-.504- 229 
A25010............006- 229 
A26020.. 0... 000. ee eee 229 
AS30005... ee ee 229 
A30010............0005 229 
A30020............-00% 229 
AAQ00S wes sce ae ee 229 
A40010 2. cs cea ee es 229 
A400 20) ie Mee 2h. Sie hed 229 
ABD100 ................- 76 
ABD250 *s scsce aces eaten ee 76 
ABDX25 oi cenik seach ake 76 
ABDX50 5 soos oes Stes Glade ee end 76 
GOO0O0O.5 ............... 148 
GO000 1... ese ek eens 148 
GOOOOS................ 148 
GOOOI0................ 148 


Model 

Number Page 
G00020................, 148 
GO00050? wc cc aed ein es 148 
GOO100................ 148 
GO0200................ 148 
G05 0018 i cde5 as edhe weet en 148 
G05001 se heen sok: 148 
GO5005................ 148 
GO5010 es aw eek 44 148 
GO5020.............04, 148 
GO5050................ 148 
GIQ00 Te: is. sev ie & ated 225 
G10002................ 226 
G10016 2 ee ee ee 226 
GIB00T eee ae hig as 225 
G15002............006. 226 
G15018 3. cesin Pala 226 
G20001...............0. 225 
G20002................ 226 
G 20015 i Soe saihes tae byte hae 226 
C2500 1. oe ica en eas 225 
G25002.............4.. 226 
G2501 5s. i car cette s ea ad 226 
G25X01 .. 2... 2... ee 225 
G25X02 ...........000. 226 
G25X15 2... eee ee 226 
G30008 eek pat 4 ee ees 29 225 
G30002................ 226 
G30015.............0.. 226 
G40001................ 225 
G40002 0 sie coe en ks 226 
G4001 5. cc sieved bo ki 226 
G50001.............0.. 225 
G50002 5 iis fcc ocean 226 
G50015............008, 226 
G5OX01 .... ee 225 
G50X02 ..............0, 226 
G5OX15 .. 6. we ee 226 
GBD100................. 76 
GBD250................. 76 
GBD400 ................., 76 
GBD500 ................ 76 
GBDX25................ 76 
GBDX50................ 76 
JAN IN21WE.............. 9 
JAN 1N21WEM ............ 9 
JAN IN2Z1WEMR........... 9 
JAN IN21WG. ............0. 9 
JAN IN21WGM ............ 9 
JAN IN2Z1WGMR..........0. 9 
JAN IN23WE............0. 9 
JAN IN23WEM ............ 9 


INDEX OF MODEL NUMBERS 
Model 
Number 


JAN IN23WEMR ........... 
JAN IN23WG. ............. 


JAN IN26B...........0.6. 
JAN IN26BR............. 
JAN IN26BM............. 


JAN IN82AG............. 
JAN 1N830A............. 
JAN IN831A............. 
JAN 1N832B............. 
JAN 1N263.............. 
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Model 

Number Page 
KD5523 ............-.4. 204 
KD5526) oe kid Mae ad 204 
KD55263 oi se eat genase es 204 
KD5527 wo. oe eee 204 
KJ6007........... 0000. 208 
KJ6008................ 208 
MA-4B300.............. 174 
MA-4C100.............. 148 
MA-4C102..........000. 148 
MA-4C103..........000- 148 
MA-4C104...... 0... 000- 148 
MA-4C105.............. 148 
MA-4C106.............- 148 
MA-4C107...........00. 148 
MA-4C108...........00.5 148 
MA-4C109...........44.- 148 
MA-4C110............4- 148 
MA-4AC111.......... 000. 148 
MA-4C112............-- 148 
MA-4C113....0.0.....000. 148 
MA-40114.............-- 148 
MA-4C250.............. 225 
MA-4C251............-. 225 
MA-4C252.............4. 225 
MA-4C253...........40. 225 
MA-4C254.............. 225 
MA-4C255.. 1.0... eee 225 
MA-4C256.............. 225 
MA-4C257............-. 225 
MA-4C258...........-.- 225 
MA-4C260.............. 226 
MA-4C261..........0.004. 226 
MA-4C262...........64. 226 
MA-4C263...........4.-.- 226 
MA-4C264.............. 226 
MA-4C265..........0005 226 
MA-4C266.............. 226 
MA-4C267..........0005 226 
MA-4C268............6. 226 
MA-4C270...........04.5 226 
MA-4C271..0.....00 000s 226 
MA-4C272. 0.0... 0.00005 226 
MA-40273.. 0... 2 ee ee 226 
MA-4C274..........0008- 226 
MA-4C275. 0... ee ee 226 
MA-4C276............05 226 
MA-4C277..........0005 226 
MA-4C278............45 226 
MA-4C400............... 76 
MA-4C401..... Tea aa Tar nscah heen 76 
MA-4C402. 0.0... ee 76 


Model 

Number Page 
MA-4C403..........00005 76 
MA-4C404.............5. 76 
MA-4C405...........2005 76 
MA-4C550.............. 148 
MA-4C551...........0-. 148 
MA-4C552.............. 148 
MA-4C553...........055 148 
MA-4C554..........0006 148 
MA-4C555.............. 148 
MA-4C556...........2.4. 148 
MA-4C557. 0.0.0... .0000. 148 
MA-4C558.............. 148 
MA-4C559. 1... 2. we ee eee 148 
MA-4C560.............. 148 
MA-4C561.............. 148 
MA-4C562.............. 148 
MA-4C563.............. 148 
MA-4C700............6. 229 
MA-4C701...........05. 229 
MA-4C702............0. 229 
MA-4C703..........000. 229 
MA-4C704...........4.. 229 
MA-4C705...........0.. 229 
MA-4C710...........04. 229 
MA-4C711..........005- 229 
MA-4C712..............229 
MA-4C0713.............. 229 
MA-4C0714.............. 229 
MA-4C715............5. 229 
MA-4C720............-. 229 
MA-4C721...........24. 229 
MA-40722..........0055 229 
MA-40723.........00055 229 
MA-4C724. 0.0.0... 00000 229 
MA-4C725...........02. 229 
MA-4C850..........0000- 76 
MA-4C851.......... 02005 76 
MA-4C852............04. 76 
MA-4C853. 0.0.2.2... .0..0005 76 
MA-4M0001............. 247 
MA-4MO005............. 247 
MA-4M0010............. 247 
MA-4M0020............. 247 
MA-4M0025............. 247 
MA-4MQ030............. 247 
MA-4M0040............. 247 
MA-4MO0050............. 247 
MA-4MOO60............,. 247 
MA-4M0070............. 247 
MA-4MO0080............. 247 
MA-AMOO9O............. 247 


INDEX OF MODEL NUMBERS 
Model 


Number Page 


MA-4M0100............. 
MA-4M0125............. 
MA-4M0150........-..5- 
MA-4M0175............. 
MA-4M0200............. 


MA-461B.............00. 
MA-490B...............-. 
MA-490C..........0.0050. 
MA-490D. ..............0. 
MA-490E................ 
MA-490F.............00. 
MA-490G...............4. 
MA-492C. 1.00... 0.2 
MA-492D. ............... 
MA-492E...............-. 
MA-492F.t chew aa 


MA-494A. 1.0... eee eee 
MA-494B... 0... eee eee 


MA-4128. 0.0.0... 02 cee ee 
MA-4129. 0.0.0... eee ee ee 
MA-4135......... 0.00005 
MA-4139.. 0.0 ee es 
MA-4140...........00050- 
MA-4162. 0.00... eee 
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Model 

Number Page 
MA-4851.......0 000000 24 

MA-4852..... 0.0.0.0 eee 24 

MA-4853..........-05-00. 24 

MA-4855........... 0500. 25 
MA-4856.............00- 24 

MA-4861E.........02000- 22 

MA-4861F...........0...- 22 

MA-4861G............4... 22 

MA-4861H...........-2.0- 22 

MA-4882..........000005 24 

MA-4883...........0000- 24 

MA-8334..........0-005 115 

MA-40001............-... 24 

MA-40002............... 24 
MA-40003............... 24 

MA-40006............... 24 

MA-40007............... 24 

MA-40008............... 24 

MA-40009............... 24 

MA-40012............... 25 

MA-40013............... 25 

MA-40014.............05. 25 

MA-40015............... 25 

MA-40024............... 58 

MA-40025............... 58 

MA-40026............... 58 

MA-40027 ................ 58 

MA-40028............... 58 

MA-40029............... 58 

MA-40033..........-.... 26 

MA-40034...............- 26 

MA-40035............... 26 

MA-40040............... 58 

MA-40041.............0- 58 

MA-40042..............- 58 

MA-40043............... 58 

MA-40051E.............. 28 

MA-40051F.............. 28 

MA-40051G.............- 28 
MA-40051H........ Ae ae scree 28 
MA-40052.............4- 58 
MA-40053...........00--- 58 
MA-40061..........-...- 81 

MA-40062............... 81 

MA-40071E.............. 28 
MA-40071F.........0000- 28 
MA-40071G.........-0040- 28 
MA-40071H........------ 28 
MA-400711 ............--- 28 
MA-40072....:.......... 58 
MA-40073.........-5...- 58 


Model 

Number Page 
MA-40074.......0...0 2.00005 64 
MA-40081...........0005 83 
MA-40082..........-0055 83 
MA-40100...........000 34 
MA-40101...........0005 34 
MA-40102...........0005 34 
MA-40103...........0005 34 
MA-40104...........0005 34 
MA-40105... 0.0.0... 0000 34 
MA-40106............04- 34 
MA-40107......... 00000 34 
MA-40110..0....-.- 00005 34 
MA-40111....... 00000008 34 
MAAOWS cick senses ath. 34 
MA-40116..........00005 34 
MA-40121.........000005 34 
MA-40122..........0000. 34 
MA-40123..........4. 34, 38 
MA-40124.........005 34, 38 
MA-40126..........2..-- 34 
MA-40127..........0.0005 34 
MA-40128..........-004. 34 
MA-40140..........-000. 34 
MA-40150...........005. 34 
MA-40151.......... 00008 34 
MA-40152...........000. 34 
MA-40153...........005. 34 
MA-40154...........005. 34 
MA-40155............06- 34 
MA-40156..........-000- 34 
MA-40157. 0.0.0... 00 000s 34 
MA-40160..........-000% 34 
MA-40161...........0005 34 
MA-40162.............-. 34 
MA-40163............00. 34 
MA-40170...........-0-- 34 
MA-40171........000005- 34 
MA-40172.........000005 34 
MA-40173..........4: 34, 38 
MA-40174..........4. 34, 38 
MA-40175..........00- 38, 63 
MA-40176...........0055 34 
MA-40177.........000055 34 
MA-40178........0000065 34 
MA-40201............... 55 
MA-40202.........0-000- 55 
MA-40203...........0005 55 
MA-40204........00.000- 55 
MA-40205..........-0005 55 
MA-40206...........0005 55 
MA-40207............0.. 55 


INDEX OF MODEL NUMBERS 
Model 


Number Page 


MA-40208........-..2005 
MA-40215...........00-. 
MA-40216. 0.0.0.0... 20200 
MA-40220...........0005- 
MA-40221.. 2... 00.002 eee 
MA-40222...... 000000005 
MA-40230..........-0006- 
MA-40231.........000005 
MA-40232.......... 00065 
MA-40233..........00005 
MA-40234 .. 2... 6. ee ee ee 


MA-40235......... 0-0 ee 


MA-40236...........0005 
MA-40237........ 0000085 
MA-40240.........50008- 
MA-40241..........-22005 
MA-40242..........5005- 
MA-40243... 0.0.0.0 .-00006- 
MA-40244...........2055 


MA-40248 .. 0... .. 0.0008 


MA-40249 .......... 00005 
MA-40251............06. 
MA-40252........ Sita dear oes 


MA-40253............4-- 
MA-40254..........0.205. 
MA-40255............-.. 
MA-40256............05. 
MA-40257 2... ee ee 
MA-40258...........0065 
MA-40265............05. 
MA-40266...........005. 


MA-40267..........2-0005 
MA-40268............--- 
MA-40270.........-200-- 
MA-40271........-000 0 ee 
MA-40273.......--200065 
MA-40401.......00 000 es 248 
MA-40402........20006- 248 
MA-40403.......-2-0005 248 
MA-40406..........0-26- 248 
MA-40408......... 00005 248 
MA-40409 .........-.0005 248 
MA-40410...... 0005 eee 248 
MA-40412....0.00 00 ee eee 248 
MA-41201D...........45. 
MA-41201E 2... ee ee 
MA-41201F 2.0... eee eee 
MA-41201G...........4-. 
MA-41202E ...........20-6- 
MA-41202F ........-...0055 
MA-41205. 0.0.0.0... .0006- 
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Model 

Number Page 
MA-41206.........0-0008- 46 
MA-41207... 0.0... 00 ee es 46 
MA-41220-C. 2.0... ee eee 12 
MA-41220-E. . 2... ee 12 
MA-41220-F.. 2.2.2.0 0 eee 12 
MA-41220-G ... 2.00200 es 12 
MA-41221-D .........005- 12 
MA-41221-E. 2... ee eee 12 
MA-41221-F. oe ee 12 
MA-41222. 0.0... 00 ee es 45 
MA-41223.... 0.0... 00 ee eee 45 
MA-41224 0.0.0... ee es 45 
MA-41225 . 0... 0 ee 45 
MA-41500.........2-0065 14 
MA-41501 2... ee 14 
MA-41502........ 0000065 14 
MA-41503.........-0 0008 14 
MA-41504....... 000022 14 
MA-41505.........2--06- 14 
MA-41506.........0 0002 14 
MA-41507.......0. 0.00000» 14 
MA-41508.........020085 14 
MA-41509..........0005- 14 
MA-41510........0.00--- 42 
MA-41511........0-000-2- 42 
MA-41512.........2-0855 42 
MA-41513.........0-00502- 43 
MA-41514........00-506- 43 
MA-41515........02 002 43 
MA-41807.........600065 73 
MA-41808.........-2+0+5- 73 
MA-41809....... 0.0000 ee 73 
MA-41810....... 2.0000 ee 73 
MA-41811.......2 00000 ee 73 
MA-41812....... 00002 eee 73 
MA-41813......2. 000 eee 74 
MA-41816....... 0000 eee 73 
MA-41817.......-00 0008 73 
MA-41819 ........ 000000 74 
MA-41820........2- 00005 74 
MA-42001....... 000 eee 208 
MA-42002........--0065 208 
MA-42003........00 50% 208 
MA-42004.........-. 0055 208 
MA-42005..........-00- 208 
MA-42006..........-.-- 208 
MA-42007............4..5 208 
MA-42008...........04- 208 
MA-42009.............. 208 
MA-42010............6. 208 
MA-42011...... 0.0.00 0 0 208 


Model 

Number Page 
MA-42012... 0.0.0.0 00005 208 
MA-42020-509........... 200 
MA-42021-509........... 200 
MA-42022-509........... 200 
MA-42023-509........... 200 
MA-42024-509........... 200 
MA-42025-509........... 200 
MA-42026-509........... 200 
MA-42027-509........... 200 
MA-42028-509........... 200 
MA-42029-509........... 200 
MA-42050...........00- 204 
MA-42051..........000: 204 
MA-42052..........0005 204 
MA-42055........0 0006 204 
MA-42056..........0065 204 
MA-42057.... 00.00.0000 204 
MA-42060...........005. 204 
MA-42061...........0055 204 
MA-42062..........-005 204 
MA-42063........0 0-008 204 
MA-42100.........-0005 212 

MA-42110........0 00008 216 
MA-422-40596........... 240 
MA-422-40602........... 239 
MA-422-40830........... 239 
MA-422-40881........... 240 
MA-422-41018.........6- 241 

MA-422-41019........00. 241 

MA-422-41067........005 242 

MA-422-41106..........- 241 

MA-422-41152-1.......... 239 

MA-422-41152-2.......... 239 
MA-422-41169........... 242 

MA-422-41280........... 242 

MA-422-41333........00 239 

MA-422-41357...... 00005 243 

MA-422-41423........... 243 

MA-422-41509.........0. 240 

MA-422-41597........... 243 

MA-43000........... 174, 176 
MA-43002........... 174, 176 

MA-43004..........- 174, 176 

MA-43030..........000- 176 
MA-43031.........00005 176 

MA-43032.........2.085 176 

MA-430383.........00005 176 

MA-43034..........005- 176 
MA-43035........0.00000- 176 
MA-43036.........-000- 176 
MA-43037.........-0-55 176 


INDEX OF MODEL NUMBERS 


Model 
Number 


MA-43543 2... ee 
MA-43592..........-- 175, 176 
MA-44010........2008 06> 
MA-44020.........- secganes 
MA-44030 ........--0505 
MA-44040 ........000005 
MA-44050.........-0065 
MA-44051...........---- 
MA-44052..........-0-. 
MA-44053..........5-050- 
MA-44058..........---. 
MA-44060...........05- 
MA-44061.........00005 
MA-44070.........---5- 
MA-44071.......0.62000- 
MA-44100.........-00048- 
MA-44110... 0.00.00 8 eee 
MA-44120 ........05 20 oe 
MA-44130.......00-0 50+ 
MA-44140. 0... 0.6 
MA-44150........0 000 
MA-44200........-.-4-- 
MA-44210........-0005- 
MA-44220.........-.. 175, 176 
MA-44230........4-- 175, 176 
MA-44240.........-.- 175, 176 
MA-44250..........5 175, 176 
MA-44300.........-.-4. 
MA-44310........-20005 
MA-44320........--0055 
MA-45054........--055% 
MA-45055........-2-065 
MA-45056........----4. 
MA-45062..........-0-- 
MA-45063.........-.06. 
MA-45064........--25-- 
MA-45065. 1... 2... eee 
MA-45066........---05- 
MA-45067........--2065 
MA-45068........-.--5- 
MA-45101........-5-0005 
MA-45102........-20056- 
MA-45103........0-00055 
MA-45104.....0...00 002s 
MA-45105........-5--55 
MA-45106.......-.- 000s 
MA-45107........--.0055 
MA-45108... 2.0.00 ee eee 
MA-45109 ... 0... ee ees 
MA-45121........-25065 
MA-45122.........0-05- 
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Model 
Number Page 
MA-45123.......00 00008 136 
MA-45124........00000- 136 
MA-45125........000008 136 
MA-45126........-.000- 136 
MA-45127... 0. cee 136 
MA-45128.......0000005 136 
MA-45129... 0.000000 ee 136 
MA-45141.......0000005 136 
MA-45142..........0005 136 
MA-45143......0.000000 136 
MA-45144......... 0000 136 
MA-45145..... 0.000000 136 
MA-45146..........0005 136 
MA-45147 0... ee 136 
MA-45148.........0000- 136 
MA-45149 00... 0.0.00 ee 136 
MA-45156...........005 137 
MA-45157....... 0000005 137 
MA-45158......... 00005 137 
MA-45159...... 0.0000 ee 137 
MA-45160..........0005 137 
MA-45161........00006% 137 
MA-45165.........00005 137 
MA-45166.........00005 137 
MA-45167....... 000000 137 
MA-45168......-..00005 137 
MA-45169.........00005 137 
MA-45170.......0 00000 137 
MASI daa fie Ladedes 137 
MA-46021........000005 220 
MA-46022.........00005 220 
MA-46023.........00005 220 
MA-46024..........000- 220 . 
MA-46025.........-000- 220 
MA-46026.........-0005 220 
MA-46027.......0000005 220 
MA-46028.........00005 220 
MA-46029 .........00005 220 
MA-46030......-.000 00 220 
MAAGOS Tai, ict aatelne 220 
MA-46032.......000000- 220 
MA-46600-D ..........-- 140 
MA-46600-E...........-- 140 
MA-46600-F..........005 140 
MA-46600-G ............ 140 
MA-46600-H ..........-- 140 
MA-46600-J...........-. 140 
MA-46601-D .........0-- 140 
MA-46601-E...........-- 140 
MA-46601-F...........-- 140 
MA-46601-G ...........- 140 


Model 

Number Page 
MA-46602-D ............ 140 
MA-46602-E............. 140 
MA-46602-F............. 140 
MA-46603-D ............ 140 
MA-46603-E............. 140 
MA-46604-D ............ 140 
MA-46610-D ............ 140 
MA-46610-E............. 140 
MA-46610-F............. 140 
MA-46610-G ............ 140 
MA-46610-H ............ 140 
MA-46611-D ............ 140 
MA-46611-E.........00... 140 
MA-46611-F............. 140 
MA-46611-G ............ 140 
MA-46612-D ............ 140 
MA-46612-E............. 140 
MA-46612-F............. 140 
MA-46613-D ............ 140 
MA-46613-E............. 140 
MA-46614-D ............ 140 
MA-46620-D ............ 140 
MA-46620-E............. 140 
MA-46620-F............, . 140 
MA-46620-G ............ 140 
MA-46621-D ............ 140 
MA-46621-E............. 140 
MA-46621-F............. 140 
MA-46622-D ............ 140 
MA-46622-E............. 140 
MA-46623-D ............ 140 
MA-46623-E............. 140 
MA-46624-D ............ 140 
MA-47041.............., 103 
MA-47047.............. 113 
MA-47051........... 101, 102 
MA-47052........... 101, 102 
MA-47053.............. 103 
MA-47054.............. 103 
MA-47066.............. 125 
MA-47075 ............. 91,92 
MA-47077............ 91,92 
MA-47079 .. 0.00.00... 91,92 
MA-47080............ 91,92 
MA-47081............ 91,92 
MA-47082............ 91,92 
MA-47083.............. 113 
MA-47084............ 91,92 
MA-47085.............. 106 
MA-47086.............. 125 
MA-47088.............. 125 


INDEX OF MODEL NUMBERS 
Model 
Number 


MA-47089.............. 
MA-47090.............. 
MA-47091.............. 
MA-47100.............. 
MA-47110.............. 
MA-47111.............. 
MA-47120.............. 
MA-47121.............. 
MA-47122.............. 
MA-47123.............. 
MA-47147............... 
MA-47160............... 
MA-47161............... 
MA-47162..............., 
MA-47200.............. 
MA-47201.............. 
MA-47202.............. 
MA-47203.............. 
MA-47204.............. 
MA-47205 ............... 
MA-47206.............. 
MA-47207 .............- 
MA-47208.............. 
MA-47220.............. 
MA-47221.............. 
MA-47222.............. 
MA-47223..............0. 
MA-47301.............. 
MA-47302.............. 


MA-47400............ 
MA-47401............ 
MA-47402............ 
MA-47403............ 
MA-47404............ 
MA-47405............ 


MA-47406.............. 


MA-47413.............4. 
MA-47414.............. 
MA-47416.............. 
MA-47418.............. 
MA-47419.............. 
MA-47420.............. 
MA-47421.............. 
MA-47422.............. 
MA-47423.............. 
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Number Page 

MA-47424........... 101, 102 
MA-47425 0... ee 103 
MA-47426.............. 103 
MA-47427 0... ee 103 
MA-47600.............. 113 
MA-47890.............- 125 
MA-47891............04. 125 
MA-47892......... 00005 125 
MA-47893.............. 125 
MA-47894.............. 125 
MA-47895............... 125 
MA-47896.............4. 125 
MA-47897............0- 125 
MA-47898 ...........0..- 125 
MA-47899.............. 125 
MA-48501-A ............ 193 
MA-48501-B............. 193 
MA-48501-C. ............ 193 
MA-48501-D ............ 193 
MA-48501-E............. 193 
MA-48501-F............. 193 
MA-48501-G ...........4. 193 
MA-48501-H ............ 193 
MA-48501-1.........0... 193 
MA-48501-J............0. 193 
MA-48501-K ...........0. 193 
MA-48502-A ............ 193 
MA-48502-B............. 193 
MA-48502-C............, 193 
MA-48502-D ............ 193 
MA-48502-E............. 193 
MA-48502-F............. 193 
MA-48502-G ............ 193 
MA-48502-H ............ 193 
MA-48502-1............. 193 
MA-48502-J............. 193 
MA-48502-K ............ 193 
MA-48503-A ............ 193 
MA-48503-B............. 193 
MA-48503-C........00.2., 193 
MA-48503-D ............ 193 
MA-48503-E............. 193 
MA-48503-F............. 193 
MA-48503-G ............ 193 
MA-48503-H ............ 193 
MA-48503-1............. 193 
MA-48504-A ........000.. 193 
MA-48504-B............. 193 
MA-48504-C. ............ 193 
MA-48504-D ............ 193 
MA-48504-E............. 193 


Model 
Number Page 
MA-48504-F............. 193 
MA-48504-G ............ 193 
MA-48504-H ............ 193 
MA-48505-A ............ 193 
MA-48505-B............. 193 
MA-48505-C............. 193 
MA-48505-D ............ 193 
MA-48505-E............. 193 
MA-48505-F............. 193 
MA-48505-G ............ 193 
MA-48506-A ............ 193 
MA-48506-B............. 193 
MA-48506-C..... Pipe ttetig tse 193 
MA-48506-D ............ 193 
MA-48506-E............. 193 
MA-48506-F............. 193 
MA-48507-A ............ 193 
MA-48507-B............. 193 
MA-48507-C........0.0.. 193 
MA-48507-D ............ 193 
MA-48507-E............. 193 
MA-48507-F............0. 193 
MA-48508-A ............ 193 
MA-48508-B............. 193 
MA-48508-C..........00.. 193 
MA-48508-D ............ 193 
MA-48508-E............. 193 
MA-48509-A ............ 193 
MA-48509-B............. 193 
MA-48509-C............. 193 
MA-48509-D ............ 193 
MA-48509-E.........00.. 193 
MA-48510-A ............ 193 
MA-48510-B............. 193 
MA-48510-C............. 193 
MA-48510-D ............ 193 
MA-48510-E............. 193 
MA-48511-A ... 2.2... 2 ae 193 
MA-48511-B............. 193 
MA-48511-C...........0. 193 
MA-48511-D ...........0. 193 
MA-48511-E............. 193 
MA-48701-A ..........5. 185 
MA-48701-B............. 185 
MA-48701-C............. 185 
MA-48701-D ............ 185 
MA-48701-E............. 185 
MA-48701-F.......0..000- 185 
MA-48701-G ............ 185 
MA-48701-H ............ 185 
MA-48701-1............. 185 


INDEX OF MODEL NUMBERS 
Model 
Number 


MA-48701-J............. 
MA-48701-K ............ 
MA-48702-A ............ 
MA-48702-B............. 
MAAS87026 5 ccieies wacasd 
MA-48702-D ............ 
MA-48702-E............. 
MA-48702-F............. 
MA-48702-G ............ 
MA-48702-H ............ 
MA-48702-1............. 
MA-48702-J..........0.. 
MA-48702-K ............ 
MA-48703-A ............ 
MA-48703-A ............ 
MA-48703-B............. 
MA-AB709-C. sch iadey Sot 
MA-48703-D ............ 
MA-48703-E............. 
MA-48703-F............. 
MA-48703-G ............ 
MA-48703-H ............ 
WAABIOS Vm 7 ois itds ae 
MA-48703-J............. 
MA-48703-K ............ 
MA-48204-A> 5. soso ae 
MA-48704-B............. 
MA-48704-C............. 
MA-48704-D ............ 
MA-48704-E,............ 
MA-48704-F............. 
MA-48704-G ............ 
MA-48704-H ............ 
MA-48704-1............. 
MA-48704-J...........0. 
MA-48705-A ............ 
MA-48705-B............. 
MA-48705-C............. 
MA-48705-D ............ 
MA-48705-E............. 
MA-48705-F............. 
MA-48705-G ............ 
MA-48705-H ............ 
MA-48705-1............. 
MA-48706-A ............ 
MA-48706-B............. 
MA-48706-C5 500-32 a 2 
MA-48706-D ............ 
MA-48706-E............ é 
MA-48706-F............. 


255 


Model 

Number Page 
MA-48707-B............. 185 
MA-48707-C............. 185 
MA-48707-D ............ 185 
MA-48707-E............. 185 
MA-48707-F............. 185 
MA-48708-A ............ 185 
MA-48708-B............. 185 
MA-48708-C............. 185 
MA-48708-D ............ 185 
MA-48708-E............. 185 
MA-48709-A ............ 185 
MA-48709-B............. 185 
MA-48709-C............. 185 
MA-48709-D ............ 185 
MA-48709-E............. 185 
MA-48710-A ....-....... 185 
MA-48710-B............. 185 
MA-48710-C............. 185 
MA-48710-D ............ 185 
MA-48710-E.......0...... 185 
MA-48711-A 1... ....0004. 185 
MA-48711-B............. 185 
MA-48711-C. 2.0... 00004. 185 
MA-48711-D ............ 185 
MA-48711-E............. 185 
MA-49104.............. 155 
MA-49106........... 153, 155 
MA-49107........... 153, 155 
MA-49109.............. 155 
MA-49110.............. 163 
MA-49117-118........... 157 
MA-491:21 0. oes oss da a ee 155 
MA-49122........... 153, 155 
MA-49123........... 153, 155 
MA-49124.......... .... 155 
MA-49126-118........... 157 
MA-49126-138........... 157 
MA-49128-138........... 157 
MA-49135..........0.00. 155 
MA-49136..........008. 155 
MA-49137.............. 155 
MA-49138.............. 155 
MA-49139.............- 163 
MA-49140-118........... 157 
MA-49145.............. 163 
MA-49146...........05- 163 
MA-49148............0. 163 
MA-49151..........0005 155 
MA-49152.............. 155 
MA-49153.............. 155 
MA-49154............5. 155 


INDEX OF MODEL NUMBERS 


Model Model Model 

Number Page Number Page Number Page 
MA-49156...........00. 155 MA-7700A-0005........... 67 MA-7717N-0004....... ica nd® 
MA-49157........... 153, 155 MA-7700K-0001........... 67 MA-7717N-0005........... 70 
MA-49158........... 153, 155 MA-7700K-0002........... 67 MA-7717N-0006........... 70 
MA-49159..........000. 155 MA-7700K-0003........... 67 MA-7717N-0007........... 70 
MA-49161.........00005 155 MA-7707J-0003 ........... 68 MA-7717N-0008........... 70 
MA-49162........... 153, 155 MA-7707J-0012 ........... 68 MA-7742J-0001 ........... 69 
MA-49163........... 153, 155 MA-7707J-0013 ........-.. 68 MA-7742N-0005........... 69 
MA-49164...........0006 155 MA-7707N-0006........... 68 MA-7742N-0007........... 69 
MA-49172.........0000- 170 MA-7707N-0008........... 68 MA-7742N-0009........... 69 
MA-49173... 00.0000 cee 170 MA-7707N-0009........... 68 MA-7742N-0011........... 69 
MA-49177.........-00-- 170 MA-7709A-0001........... 68 MA-7742N-0012.........-. 69 
MA-49178...........00 170 MA-7709A-0003........... 68 MA-7744A-0001........--- 69 
MA-49179....... 0.00008 170 MA-7709A-0005........... 68 MA-7744A-0003.........-- 69 
MA-49180...........00. 170 MA-7709A-0007.........-. 68 MA-77444-0005........... 69 
MA-49181....... 0000005 170 MA-7709A-0009........... 68 MA-7744A-0007..........- 69 
MA49182 6 oo iptae alee sk 170 MA-7709A-0011.........-- 68 MA-7744A-0009........... 69 
MA-49183..........005. 163 MA-7715A-0001........... 70 MA-7744A-0012.........4. 69 
MA-49184.......0..0005 163 MA-7715A-0002........... 70 MA-8342-0005..........- 129 
MA-49185...........05. 163 MA-7715A-0003..........- 70 MA-8342-0006..........- 129 
MA-49186...........005 163 MA-7715A-0004........... 70 MA-8342-0008........... 129 
MA-49187........000005 163 MA-7715A-0005........... 70 MA-8343-0001.........-- 131 
MA-49188...........00. 163 MA-7715A-0006........... 70 MA-8343-0005........... 131 
MA-49189...........055 163 MA-7715A-0007........... 70 MA-8343-0006........... 131 
MA-49260...........05. 164 MA-7715A-0008........... 70 MA-8345-0001........... 133 
MA-49265.........00005 164 MA-7715A-0009.......... .70 MA-8345-0002........... 133 
MA-49508...........005 153 MA-7717J-0009 ........... 70 MA-8345-0003........... 133 
MA-49618...........05- 153 MA-7717N-0001........... 70 

MA-49628............6. 153 MA-7717N-0002........... 70 

MA-7700A-0004........... 67 MA-7717N-0003........... 70 


256 Printed in U.S.A. 


U.S.A. SALES REPRESENTATIVES 


NORTHEAST 


NEW ENGLAND 


Burlington Sales, Inc. 
97 Cambridge Street 
Burlington, MA 01803 
Tel. (617) 272-7655 


MIDDLE ATLANTIC 


UPSTATE NEW YORK 
T? Electronics Co., Inc. 
4054 New Court Avenue 
Syracuse, NY 13206 
Tel. (315) 463-8592 
TWX 710-541-0554 

T? Electronics Co., Inc. 
2 E. Main Street 

Victor, NY 14564 

Tel. (716) 924-9101 
TWX 510-254-8542 


NEW YORK CITY, LONG 
ISLAND, NORTHERN NEW 
JERSEY, WESTERN 
CONNECTICUT 


ERA, Incorporated 
One Dupont Street 
Plainview, NY 11803 
Tel. (516) 822-9890 
TWX 510-221-1849 


WASHINGTON. D.C. 
MARYLAND, VIRGINIA, AND 
NORTH CAROLINA 


Burgin-Kreh Associates, Inc. 
6100 Baltimore National Pike 
Baltimore, MD 21228 

Tel, (301) 788-5200 

TWX 710-862-1450 


Burgin-Kreh Associates, Inc. 
P.O. Box 268 

Kingston, TN 37763 

Tel. (615) 690-6100 


Burgin-Kreh Associates, inc. 
P.O. Box 19510 

Raleigh, NC 27609 

Tel, (919) 781-1100 
Burgin-Kreh Associates, Inc. 
P.O. Box 4254 

Lynchburg, VA 24502 

Tel. (804) 239-2626 


SOUTHEAST 


FLORIDA, GEORGIA, ALABAMA 


Mr. Richard Kirchberger 
Microwave Associates, Inc. 
1010 East Atlantic Bivd. 
Pompano Beach, FL 33060 
Tel. (305) 943-2690 

Mr, Clint Francis 
Microwave Associates, Inc. 
Suite 115 

14 Perimeter Park 

Atlanta, GA 30341 

Tel. (404) 455-3818 


SOUTHWEST 


TEXAS, OKLAHOMA, 
ARKANSAS, LOUISIANA 


Microwave Associates, Inc. 
811 South Central Expressway 
Richardson, TX 7508 

Suite 546 

Tel, (214) 234-2463 

TWX 910-867-4769 


ARIZONA, NEW MEXICO, 
COLORADO, UTAH 


Microwave Associates, Inc. 

7336 E. Shoeman Lane, Suite 108W 
Scottsdale, AZ 85251 

Tel. (602) 947-5431 

TWX 910-950-1281 


WEST COAST 


WASHINGTON, OREGON 


C.K. Shanks & Associates, Inc. 
4110 W. Charming Way 

P.O. Box 25385 

Portland, OR 

Tel. (503) 292-5656 


NORTHERN CALIFORNIA, 
NEVADA 


Microwave Associates, Inc. 
1362 Borregas Avenue 
Sunnyvale, CA 94086 

Tel. (408) 734-2320 

TWX 910-339-9248 


SOUTHERN CALIFORNIA 


Microwave Associates, Inc. 
5855 Green Valley Circle 
Suite 200 

Culver City, CA 90320 
Tel. (213) 645-6611 

TWX 910-328-6132 


INTERNATIONAL SALES REPRESENTATIVES 


U.S.A. CANADA 


MA Electronics Canada Limited 
3135 Universal Drive 
Mississauga, Ontario 

Canada 

L4X 2E7 

Tel. (416) 625-4605 

TWX 610-492-4317 


AUSTRALIA 


Werner Electronics 
Industries Pty., Ltd. 
28 Gray Street 
Kilkenny, S.A. 5009 
Australia 

CABLE AA20365M 


BELGIUM, NETHERLANDS, 
LUXEMBURG 


Microwave Associates Int'l. 
176 Rue Victor Hugo 

1040 Brussels 

Belgium 

Tel. 735-01-95 

TELEX 23281 

CABLE MELABSA BRUSSELS 


BRAZIL 


Cosela Ltda. 

Rua Da Consolacao 
867-Cj. 31 

01301 Sao Paulo 

Brazil 

Tel. 257-3535/258-4325 
CABLE “SEMICHIP” 


DENMARK 
ee AS 
verksgrde 
DK-2 1 00" 
Copenhagen 

Denmark 


Tel. (01) 294800 
TELEX 15788 


FINLAND 


Carlo Casagrande Oy 
Kalevankatu 4 

Helsinki 10 

Finland 

Tel. 640711 

TELEX 12-1677 

CABLE CARCAS HELSINKI 


FRANCE 

Microwave Associates, 5.A. 
57-59 Rue De La Convention 
Paris 

France 

Tel. 579-2338 

TELEX 202100F 


GREECE 


Andreas E. Dovietoglou 

20 Voukourestiou Street 
Athens 134 

Greece 

Tel. 623-462 

CABLE ANDREWDEV-ATHENS 


INDIA 


Forbes, Forbes, Campbell & Co., Ltd 
Forbes Building, Home Street 

P.O. Box 79 

Bombay 

India 

Tel. 268081 

TELEX 112369 

CABLE STEAMER BOMBAY 


ISRAEL 


Microkim Limited 

Science Based Industries 
Technion City, Haifa 

Israel 

Tel. 04-226820 

TELEX 922-46582 Ext. 8313 


ITALY 


Elettronica Micro-Onde 
Via Luigi Chiarelli 19 
00137 Rome 

Italy 

Tel. 82-7 1-757 

TELEX 79278 
Elettronica Micro-Onde 
Via Andrea Doria, 17 
20124 Milano 

Italy 

Tel. 270922 

TELEX 25258 


JAPAN 


Hakuto Co., Ltd. 

Foreign Division 

2-29 Toranomon 1-Chome, 
Minato-Ku, Tokyo 


Japan 

Tel. (03) 502-2211 
TELEX J22912 BRAPAN 
CABLE BRAPAN TOKYO 


MEXICO 


Mexitek 8.A. 

Eugenia 408, Dept. 1Y5 

A Postal 12-1012 
Mexico, 12, D.F. 

Tel. 536-09-10 or 532-97-51 


NEW ZEALAND 


Amalgamated Wireless 
Australasia) N.Z., Ltd, 
.O. Box 830 

Wellington, 2 

New Zealand 

Tel. 51-279 

TELEX NZ31001 


NORWAY 

British Imports, A/S 
P.O. Box 2542 Solli 
Oslo 2 

Norway 

Tel. 41-59-35 

TELEX 16743 
CABLE BRITCO OSLO 


SOUTH AFRICA 


Fairmont Electronics (Pty.) Ltd. 

P.O. Box 41102 

Craighall, 2024 

Transvaal 

R.S.A. 

Tel. 48-6421 48-6481/2 

CABLE “FAIRTRONICS” CRAIGHALL 
TELEX 8-3227 SA 


SPAIN 


Hispano Electronica S.A. 
Commandate Zorita & 
Madrid 20 

Spain 


SWEDEN 


Swedish Elektronik A/B 

Box 566 

191 05 Sollentuna 

Sweden 

Tel, 08-96-7660 

TELEX 13461 Swelink 

CABLE TELELINK STOCKHOLM 


MIDWEST 


NORTHERN ILLINOIS, 
SOUTHERN WISCONSIN 


Dekotech, Incorporated 

10001 W. Grand Avenue * 
P.O. Box 306 

Franklin Park, IL 60131 

Tel. (312) 455-5100 

TWX 910-227-1761 


MISSOURI, KANSAS, 
NEBRASKA & SOUTHERN 
ILLINOIS 

Midtec Associates 

6912 Marion 

Shawnee Mission, KS 66218 
Tel. (913) 441-6565 

Midtec Associates 

110 S. Highway 67 
Florissant, MO 63033 

Tel. (314) 837-5200 


IOWA, MINNESOTA 


Seltec Sales Corporation 
P.O. Box 128 

Prior Lake 

Minneapolis, MN 55372 


Seltec Sales Corporation 
1930 St. Andrews Drive, N.E. 

P.O, Box 2172 | 
Cedar Rapids, [A 52405 
Tel. (319) 393-1114 
TWX 910-525-1329 


INDIANA 


| 
' 
| 
Delesa Sales 

Executive Office Park 
2118 Inwood Drive, Suite 117 

Ft. Wayne, IN 46805 | 
Tel. (219) 483-9537 

TWX 810-332-1407 

Delesa Sales 

10026 E. 21st Street 

Indianapolis, IN 46229 

Tel. (317) 894-3778 


OHIO, MICHIGAN, WEST 
VIRGINIA, AND WESTERN 
PENNSYLVANIA 

S.A.I. Marketing Corporation 
P.O. Box N 

Brighton, MI 48116 

Tel. (313) 227-1786 

TWX 810-242-1518 

S.A.1. MArketing Corporation 
2420 Burton Drive S.E. 

Grand Rapids, Mi 49506 

Tel. (616) 942-2504 


SWITZERLAND 


Technology Resources AG 
Aabergergasse 20 

3000 Bern 

Switzerland 

Tel. $3 1) 22-39-73 
TELEX 33450 


TAIWAN, HONG KONG 
Shigma, Inc. (Taiwan Branch) 
Room 404, 4th Floor, Q Bidg. 
152 Chung Shan N Road, Sec. 1 
Taipel 

Taiwan 

Tel. 5614300, 4309, 0148 & 0149 
TELEX 22590 Shigma 

S & T Enterprises Ltd. 

P.O. Box 348 

Tsat Tse Mui Post Office 

Hong Kon 

TELEX 80273942 


GNITED KINGDOM 
Microwave Associates, Ltd. 
Dunstable LU5 4SX 

Bedfordshire 

England 

Tel. (0582) 601441 

TELEX 82295 

CABLE MICROWAVE DUNSTABLE 


WEST GERMANY 
& AUSTRIA 


Microwave Associates, GmbH 
Weltenburger Strasse 33 

D-8 Munchen 80 

West German: 

Tel, 089-23 60 v 61 

TELEX 5-29103 MAGM 


EASTERN EUROPE, 
EAST GERMANY, 
POLAND, HUNGARY, 
BULGARIA, 

RUMANIA, YUGOSLAVIA, 
CZECHOSLOVAKIA, 
d.8.S.R. 


Microwave Associates International 
14 Warwick Road 

London WS 

England 

Tel. 579-2555 


Ee ae 


MICROWAVE ASSOCIATES, fe INC. 


